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I • EXECUTIVE SUMMARY

A. PURPOSE

This study was conducted by System Planning Corporation (SPC) for

Headquarters Marine Corps to identify concepts, capabilities, and short-

falls for the handling and movement of containerized ammunition in a Marine

Corps Amphibious Objective Area (AOA).

B. BACKGROUND AND SCOPE

The study addresses both Class V(A) (air ammunition) and Class V(W)

(ground ammunition) for Marine Corps forces in the 1985-1995 time period.

Some of this ammunition will be delivered to the beach in the large

,(8'x8'x20') ISO containers increasingly used by the shipping industry.

Some ammunition will continue to be delivered to the beach in breakbulk

(palletized) form. The focus of this study is on the movement of

containerized ammunition from the beach to using units, including handling

and transporting full containers, unstuffing containers, and retrograding

empty containers. These functions are examined for the buildup ashore of

the assault follow-on echelon (AFOE) and for subsequent resupply

operations. Classes of supply other than ammunition are not considered.

The central issues are:

V f; What should be the operational concept for handling containerized
ammunition in the AOA?

0 [/-' Within the developed concept, are planned Marine Corps equipments
and organizations adequate to handle anticipated levels of con-
tainerized ammunition? If not, what changes should be made?

p 4
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C. APPROACH AND METHODOLOGY

The approach builds on current Marine Corps plans for organizing,

equipping, and operating its forces. The study includes collection back-

ground data on Marine Corps organization, equipment, and planning factors;

information on DoD policies and doctrines of the other services for

movement and control of shipping containers; and information on alternative

items of equipment for the movement and handling of containerized am-

munition.

A typical deployment of a Marine Amphibious Force (MAF) is developed

and analyzed to provide estimates of resupply requirements for the

following categories of ammunition:

Class V(W) Class V(A)

Artillery Bombs
Demolitions Missiles
Mortars Rockets
Small arms Gun ammunition
Anti-air missiles ECM devices
Tanks
Antitank
LAV (25)

Estimates of these requirements are developed in short tons and converted

to the corresponding numbers of container equivalent units (CEUs). A CEU

is the nominal container-full of ammunition based on achievable packaging

densities for palletized ammunition in standard 8'x8'x20' (ISO) containers.

A generalized ammunition supply network (Figure I-I) is defined con-

sistent with current Marine Corps doctrine for handling breakbulk am-

munition. This network contains the following successive nodes:

• Beach Transfer Point (BTP) - the location where materiel is deli-
vered to the beach

* Beach Support Area (BSA) - an area at or near the beach for
directing and expediting the movement of materiel inland

* Ammunition Supply Point (ASP) - a site where ammunition is stored
and controlled for further distribution to using units or
munition dumps

0 Munition dump - an assembly, storage, and distribution site

between using units and ASPs

0 Using unit - an aviation or ground unit that requires ammunition
resupply

1-2



CLASS V(ABOMB

I FIELD AMMO ,,,, ,,. _
DUMP 1

,- -

WHOLESALE SUPPLY RETAIL SUPPLY USERS

NFIGURE I-1.
CONCEPTUAL AMMUNITION NETWORK

Information on key FLS equipment items is collected and productivity

estimates are developed for essential MHE tasks at each node and for trans-

portation between nodes. Information on alternatives to FLS equipment

items is compiled from Army and Air Force research and development programs

and from industry sources. This information is qualitatively assessed to

formulate recommendations for further testing and analyses as means to en-

hance Marine Corps capabilities to handle containerized ammunition.

Based on the data and analyses above, the study develops and presents

a concept for handling containerized ammunition using FLS equipments. The

concept is developed to minimize equipment requirements while providing the

capability to meet required rates for receiving ammunition at the beach and

delivering it to using units. This concept describes how far forward am-

munition containers should be moved, how the flow of containers should be

controlled, when and where containers should be unstuffed, and what items

of equipment are needed at each node. Quantitative analyses are performed

to estimate the numbers of key equipment items needed for a typical MAF

deployment based on equipment productivity estimates (assuming a 20-hour

work day with no mechanical failures or losses to enemy action) and

1-3
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required rates for receiving and deliverlag ammunition at each node in the

resupply network.

1). ANALYTIC DISCUSSION

Containerized ammunition is expected to arrive at the beach as part of

the assault follow-on echelon (AFOE) and during subsequent resupply oper-

ations. How much of the total ammunition requirement will be containerized

is uncertain. A reasonable estimate for the most demanding requirement for

container handling equipment, however, is that all ammunition for these

phases of an amphibious operation will be delivered in containers.

Expressing requirements in CEUs per day, the resupply requirements for

a typical MAF deployment are dominated by aircraft and artillery:

Sustaining Intense
Rates Rates

Class V(W)

Artillery 23.4 59.4
Other 9.6 19.2

33.0 78.6

Class V(A)

Bombs 48.9 61.2
Missiles 26.8 33.5
Other 9.1 11.4

84.8 106.1

Total 117.8 184.7

Key equipment items in the FLS are the lightweight amphibious con-

tainer handler (EACH), the MK48/MK14/MK17 logistics vehicle system, the

rough terrain container handler (RTCH), and the 4000-lb. rough terrain fork

lift (4K RTFL). The MK48 is the power unit for pulling either the MK14 or

MK17 rear body unit. The MK14 is designed to haul standard ISO containers

but it can also haul palletized loads. The EACH can offload fully loaded

containers from beached landing craft and load them on MK48/MK14s for move-

ment inland. Alternatively, loaded containers can be placed on MK48/MK14s

T-4



with shipboard cranes and brought ashore over the Navy-operated elevated

causeway (ELCAS). The RTCH can load and unload fully loaded containers

from the MK48/MK14 and can be used to move containers to and from storage

areas at an ASP or munition dump. The 4K RTFL can be used to unstuff con-

tainers, to move palletized ammunition to and from storage, and

load/offload trucks with palletized ammunition. A MAF has 12 LACHs, 6

RTCHs, 116 4K RTFLs, and 145 MK48/MK14s. These items are also aboard Mari-

time Preposition Ships (MPS); a MAF deployed with MPS, for example, would

have an additional 4 LACHs, 10 RTCHs, 24 4K RTFLs, and 48 MK48/MK14s.

An important consideration in the development of a concept for

handling containerized ammunition is where the containers should be unstuf-

fed. Theoretically, they could be unstuffed at the beach and all am-

munition could be carried forward in breakbulk form. At the other extreme,

all ammunition could be delivered to using units in containers; however,

this may not be practical for some units. Intermediate solutions would

unstuff containers at ASPs and ammunition dumps.

Because space is usually at a premium at the BTP, standard practice is

Ato clear the beach of incoming materiel as rapidly as possible. Because

considerable space is required to unstuff large numbers of ammunition con-

tainers, these operations should be conducted at ASPs or ammunition dumps

inland. Carrying containers inland to the ASP also makes more efficient

use of MHE and transporters because containerized ammunition can be loaded

and offloaded much more rapidly than the same amount of palletized

ammunition.

If containerized ammunition is available at an ASP and the contents of

these containers are to be shipped to a dump for issue in breakbulk form,

then whether or not it pays to ship the ammunition from the ASP to the dump

in containers depends on the throughput of ammunition required. Shipping

containerized ammunition rather than breakbulk ammunition creates require-

ments for the RTCH and eliminates requirements for the 4K RTFL to

load/offload transporters. Based on life cycle costs a reduction of two 4K

RTFLs for one additional RTCH is a favorable trade. The analysis in

Chapter VII indicates that these kinds of savings can be achieved only if

1-5



* the required delivery rate to the dump is more than about 15 CEJs per

day. A delivery rate of 15 CEUs per day could be handled by a single RTCH

at the dump, but if this RTCH were to break down or become damaged, then a

costly bottleneck in the resupply system could result. As a rule of thumb,

therefore, shipping containers forward is advisable when the throughput

exceeds about 30 CEUs per day and justifies having two RTCHs at the dump.

E. CONCEPT DESCRIPTION

I. The recommended concept describes procedures and equipment for

handling containerized ammunition for the arrival of containers at the BTP

through the issue of container contents in breakbulk form at retail supply

points (ASPs, bomb dumps, or field munition dumps). The major elements of

the concept are:

0 Retail supply points will be established as convenient under cur-

rent doctrine for handling breakbulk ammunition, and are not
necessarily configured to handle containerized ammunition.

• At least one ASP will require establishment to handle
containerized ammunition prior to arrival of containers. Other
retail supply nodes may be configured to handle containerized
ammunition if their expected throughput exceeds the contents of
15 containers per day, and should be configured to handle
containers if their throughput exceeds the contents of 30
containers per day.

0 Retail supply points configured to handle containerized am-
munition are equipped with RTCHs and laid out to provide areas
for offloading and storing full containers, unstuffing

containers, and storing and loading empty containers for retro-
grade.

* Incoming containers will be loaded on transporters and cleared
from the BTP as rapidly as possible; an element of the CSSE re-
sponsible for controlling all containers in the AOA will operate
a control point in the BSA and direct transporters with am-
munition containers to an ASP.

* At the ASP, incoming transporters will be directed to the con-
tainer offloading site at the ASP or, if possible, sent directly
to a forward bomb or ammunition dump configured to handle
containers.

* Once containers reach their destination, they will be unstuffed

and retrograded as soon as practical.

1-6
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F. CONCLUSIONS

16 The proposed concept can be fully implemented using current FLS

equipments:

" The MK48/MK14 is used to transport containerized ammunition for-
ward and retrograde empty containers.

* The LACH is used to load/offload the MK48/MK14 at the BTP (LACHs
may not be required if port facilities or an ELCAS are
available).

" The RTCH is used to handle containers at ASPs and dumps
configured to handle containerized ammunition; container handling
tasks include loading or offloading containers from the MK48/MK14
and moving containers to and from storage and unstuffing sites.

. The 4K RTFL is used to unstuff containers and handle breakbulk
ammunition; breakbulk handling tasks include moving palletized
ammunition to and from storage and loading it onto trucks.

2. With currently planned assets, the number of RTCHs is the most likely

critical factor in limiting the Marine Corps' ability to handle container-

ized ammunition in the AOA. Even assuming no RTCHs are lost to mechanical

failure or enemy action and none are required for other purposes, the

requirement for RTCHs to handle ammunition containers could virtually equal

the total number planned for a typical MAF deployment.

3. To specify changes in Tables of Organization and Tables of Equipment,

the Marine Corps will have to address issues beyond the scope of this study

to determine:

" Requirements for handling containers other than those containing
ammunition.

* Whether sustaining or intense ammunition consumption rates should
be used for planning MHE requirements.

* What percentage of the ammunition resupply requirements will be
delivered to the beach in ISO containers.

" Planning factors for equipment availability due to mechanical
failures and enemy action.

* Planning factors for the numbers of hours in a workday for both
personnel and equipment.

1-7



4. Several items of equipment are worthy of further analysis and testing

as offering improved efficiencies over current FLS components. These items
a re :

ae Flat Racks - an alternative to the ISO container offering more
efficient use of space on container ships and relative ease for
unstuffing and retrograding.

" Shooting-boom Forklift - an alternative to the 4K RFTL offering 2
or 3 times the productivity for unstuffing ISO containers and the
ability to unstuff containers without offloading them from the
MK48/MK1 4.

* Self-Loading Container Hauler - an alternative to the MK48/MK14
container hauler that can pick up and drop off containers by
itself, thereby reducing requirements for the RTCH at ASPs and

allowing delivery of containerized ammunition to small dumps or

units having no RTCH assets.

* Slip Sheet Ammunition Handling System - a packaging system that
allows rapid removal of ammunition from ISO containers.

" Straddle Carriers - an alternative to the LACH for offloading
landing craft, an alternative to the RTCH for container handling
at ASPs, and an alternative to the MK48/MK14 for transporting
containers over short distances.

5. Small and intermediate sized containers are not an attractive means

for routine transport of ammunition to user units. However, this will not

preclude the use of such containers for some emergency and/or special

operations. While the use of these containers places an additional burden

on the logistics system to stuff, unstuff, and retrograde the smaller

containers, limited use of small containers for emergency ammunition re-

supply by helicopter, for example, appears to be attractive.

1-8



II. OVERVIEW

A. GENERAL

This chapter describes the approach of the study, identifies factors

bearing on the study, presents the general assumptions and operational

parameters/planning factors used in the analysis, and briefly portrays the

baseline ammunition support system for Marine Corps operating forces in an

AOA.

13. TASKS AND APPROACH

The majority effort addressed the following four analytical tasks, as

Sspecified by the Marine Corps:

1. Task 1 - Develop Concepts for Containerized Ammunition Support For a
MAF and a MAB From Initial Mount-out Through Subsequent Operations
Ashore During the Midrange

S~Emphasize system procedures and not hardware.
. The Marine Corps has new containers and equipment coming on line.

Look at how these items can best be used.

" Develop the interconnecting linkages between the big pieces of
the existing equipment/system (i.e., interface/linkage between
FLS components and containers in general).

" Look at state-of-the-art equipment but, again, primary emphasis
is on the effective and efficient use of what the Marine Corps
already has or will have on the shelf.

2. Task 2 - Recommend Priorities of Tasks to be Accomplished to Alleviate
Deficiencies

0 Some of the types of questions that should be considered are:

-- What are the equipments and procedures currently possessed
by the Marine Corps?

II-i



-- What is required to accomplish the task?

-- What is the impact on organizational structure?

0 When these are determined, what is the recommended priority to
alleviate deficiencies noted?

3. Task 3 - Recommend Priorities of Functions During an Amphibious
Operation

" Some of the types of questions that should be considered are:

-- Are there special dunnage and restraint systems that should
be considered?

-- Where should containers be stripped?

-- How can containerization be effectively used to support the
AE?

-- How far forward should containers be moved?

-- Should large ISO containers be stripped in the CSSA and the
contents restuffed in smaller containers for movement
forward?

* Emphasis should be placed on rapid support in a mobile environ-
ment as well as survivability considerations.

4. Task 4 - Identify and Prioritize Ammunition Containers Required During
the Landing of the Assault and Assault Follow-on Echelons When Consid-
ering the Assault and Sustained Rates and Recommend Marshaling Tech-
niques and Container Identification Control

* Althouqh the Marine Corps is vitally interested in the movement
of supplies and equipment from their source to the objective area
and from ship to shore, of paramount importance is, "What happens
after it arrives on the beach?" Study efforts should primarily
be directed in this area.

* Emphasis should be placed on the development of procedures and
the interconnecting linkages of the big pieces of the existing
system.

Based on the interrelated nature of these tasks, the tasks were not

addressed sequentially, but were considered in parallel for specific force

levels (e.g., a MAF) engaged in amphibious operations in an AOA. Each of

the specific points or questions listed above under each task statement are

answered in the development and description of the concepts presented.

11-2



Prior to development of the containerized ammunition support concepts

for MAF and MAB operations in the midrange time frame, it was necessary to

establish the organization and equipment of the operating forces, the

buildup ashore of those forces, ammunition resupply requirements, and other

parameters essential to the analytical process. In all cases, the sources

used were those directed or approved by the Marine Corps study sponsor.

Further, the methodologies that were used to develop the concepts presented

were such that sensitivity analyses could be applied to determine the in-

fluence of selected input conditions on study results.

C. FACTORS BEARING ON THE STUDY

Marine Corps guidance for the conduct of the study included the fol-

lowing major points:

• Operational concepts must be compatible with current Marine Corps
doctrine, practice, and plans for logistical and combat service
support of both ground and aviation units.

0 The study will consider only that doctrine, practice, or equip-
ment in being now or which will be implemented by 1995.

* Materiel requirements to support containerized ammunition must be
determined.

* The study should identify the impact that containerized ammuni-
tion might have on units that have the mission to receive, store,
and issue ammunition.

" Concepts that necessitate increases in number of personnel orchanges to force structure will be avoided unless no reasonable
alternatives exist.

- The study will be coordinated with the U.S. Navy regarding Class
V(A). (See Appendix I.)

While forces, planning factors, and the implementation details for the

FLS are constantly subject to change, every effort has been made to use and

reflect data from the most recent available references and planning docu-

ments.

11-3



D, GENERAL ASSUMPTIONS

In addition to the guidelines above, the Marine Corps set forth the

following four assumptions to provide a framework for the analysis:

" The mission of the Marine Corps, as outlined in the Marine Corps
long-Range Plan (MLRP), will remain substantially the same.

" A significant amount of all classes of supply will be container-
ized in future midrange operations.

" Reasonable safety and human factors considerations will be pro-
vided for in the containerization process.

" The Marine Corps will continue to have a capability to handle
breakbulk ammunition/cargo.

As a result of discussions with the study sponsors, the following

additional assumptions were added to the above list:

" Palletized unit loads1 will be used to pack standard ISO con-
tainers when such containers are used for intermodal shipment of
ammunition. (The significance of this assumption is that the
basic entity for configuring ammunition loads will be the wooden
or metal pallets or skids that are currently used for unitizing
various types of ammunition and that are expected to still be in
use through the midrange time period.)

* The AOA will be an isolated area without permanent port facili-
ties; the amphibious operation may be opposed. (The significance
of this assumption is that it serves to establish the most severe
logistic challenge, i.e., the "worst case," with resupply over
the beach in a logistics over the shore (LOTS) operation.)

'A "palletized unit load" is defined in JCS Pub 1 as a "quantity of
any item, packaged or unpackaqed, which is arranged on a pallet in a speci-
fied manner and securely strapped or fastened thereto so that the whole is
handled as a unit." For example, in the context of this study, palletized
unit loads of Class V(W) are those depicted in the Unit Load Index for
Marine Corps Class V(W) Material [Ref. 1].

11-4



P. (WP!HRA'rIONAL PARAMETERS AND PLANNIN; FACTORS

The study is focused on the actions required to enable the Marine

Corps to deal with containerized ammunition in an AOA from the beach

inland.

The analysis is predicated on notional MAF and MAB task organizations

employed under conditions as presented in the current Marine Corps Mid-

Ranqe Objectives Plan (MMROP, FY 84-93) (Ref. 1] and, as appropriate, in

the Marine Corps Scenarios (MARCORS) IA, IV, and V [Refs. 2, 3, and 4].

The composition of these forces as it pertains to the purposes of this

study is presented in Chapter III.

Determination of ammunition consumption is based on the USMC intense

and sustained rates for ground ammunition requirements, as derived from the

MAGTF Lift Planning Model (Ref. 51 and on U.S. Navy-approved rates for

aviation ordnance (Ref. 6]. Daily tonnages of expenditures for various am-

munition categories are given in Chapter IV.

The concepts of containerized ammunition support are developed ini-

tially for a MAF-sized operation and extrapolated as necessary to ascertain

how the concepts might have to be modified for a MAB. Also, the period of

employment ashore is assumed sufficiently long to require resupply from

CONUS or other points of origin. The maximum inland penetration distance

of combat units is considered to be on the order of 100 miles, thus neces-

sitating establishment of areas for combat service support elements (CSSEs)

away from the immediate beach landing sites.

F. BASELINE AMMUNITION LOGISTIC SUPPORT SYSTEM

The current Marine Corps ammunition logistic support structure, con-

cepts for ammunition support, attendant ammunition support organizations,

and techniques of employment are designed for supporting the conduct of am-

phibious operations under limited and general war conditions anywhere in

the world. The Commandant of the Marine Corps is responsible for the over-

all management of Marine Corps ground force ammunition worldwide. The Navy
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is responsible for the procurement and management control of Class V(A) am-

munition. Class V(A) is distributed by the Navy to CINCPACFLT,

CINCLANTFLT, and CINCUSNAVEUR, and pre-positioned by each FLTCINC for the

Navy and Marine Corps forces at various overseas locations in support of

FLTCINC OPLANS. In this study, Class V(A) is considered only from the

point at which it enters the logistic system of Marine Corps operating

forces in an AOA.

The Class V(W) stocks for support of FMF Atlantic (FMFLANT) contin-

gency operations for the first 60 days are apportioned as follows:

Location Category

Marine Corps base/air station, Basic allowance items
East Coast

Amphibious ships and Marine Operating stocks, landing force
Corps base/air station, operational reserve materiel (LFORM),
East Coast and air alert force (AAF) items

Naval weapons stations, Mount-out stocks
East Coast

Overseas Naval magazines Pre-positioned war reserve materiel
stocks (PWRMS)

The percentage of the total Class V(W) requirements in each of the

above categories will vary depending on the situation, but it is expected

that at least half of the stocks will be in the form of overseas PWRMS.

Class V(A) is managed by the Navy and will be similarly apportioned.

Class V(A) will be issued to the FMF operating forces by the Navy on a

"fair share" basis based on the number, types, and missions of the aircraft

that comprise the aviation combat element (ACE).

Class V(A) is pre-positioned at overseas locations that are not

capable of outloading containerized ammunition. The Navy is programmed to

package, handle, store and, ship Class V(A) in metal pallet configurations,

aboard breakbulk ships through the 1985-1995 timeframe. The 30 day initial

supply of Class V(A) to support amphibious operations of the MAB or MAF are

stored overseas at Naval sites that are not equipped with container

throughput equipment. Naval amphibious ships (LKA, LPH, LHA, LPD, and
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LST), and ammunition ships (AE, AOE) are configured to handle break bulk

ammunition only. Only one port in the United States is capable of out-

loading containerized ammunition.

A simplified representation of the baseline network for ammunition

supply/resupply is presented in Figure II-1. The origination points are

either in CONUS or at locations outside of CONUS such as the overseas Naval

magazines; the debarkation point(s) (in the absence of permanent port

facilities) could be a causeway, floating pier, or a portion of a colored

beach area designated for offloading Class V supplies. The palletized am-

munition loads will generally be transported from the beach to an am-

munition storage area within an established CSSA, with further trans-

shipment to ASPs, when established. Issue of ammunition is normally by

supply point distribution in which case unit motor transport comes to the

ammunition area or ASP to draw ammunition and return to the unit. An

alternative method is unit distribution, in which case service support

motor transport would deliver ammunition directly to selected units. Both

methods may be employed simultaneously and are illustrated in Figure II-1.

Figure II-1 depicts the condition that has evolved over time with the

landing of personnel and equipment ashore to handle and move ammunition to

using units. In the initial stages, during the landing of the ground com-

bat element (GCE) of the assault echelon (AE), the Class V(W) will be car-

ried by individuals and the organic transport of the using units. During

this same period, portions of the ACE will arm/rearm on the decks of am-

phibious assault ships (i.e., LHA/LPH) and receive Class V(A) from the Navy

ship(s) designated to support the ACE.

As soon as possible, an ammunition storage area/ASP is established and

built up over time by the supporting CSSE to ensure a level of ammunition

sufficient to support combat operations. Initially, the stockages are

primarily Class V(W), with Class V(A) phased ashore as ACE units become

operable at ground bases within the AOA.

Subsequent to the landing of the AE and AFOE, at a time established by

the commander, resupply from the source will be established to maintain am-

Ir munition stockage quantities at prescribed levels.
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Chaoters III through VI establish the basic foundation for the con-

tainerized ammunition concepts developed in Chapters VII and VII; Chapter

III presents the notional task organizations for a MAF and a MAB, to in-

clude a discussion of the MPS program; Chapter IV provides a summary of

postulated ammunition consumption for these forces, principally to gain in-

sight into high usage categories and nominal distribution patterns; Chapter

V discusses the efficacy of various components of the FLS relative to con-

tainerized ammunition support; and Chapter VI summarizes the state of the

art regarding available developmental items that have applicability in

implementing a containerized ammunition concept.
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III. NOTIONAL TASK ORGANIZATIONS

A. GENIAL

The development of a viable ammunition support concept is largely

dependent on an understanding of the organization and weapon systems to be

supported. This chapter discusses basic USMC organizations and equipments,

to include transportation assets and MHE.

,% Fleet Marine Forces are designed for task organization into integrated

air-ground teams known as Marine air-ground task forces (MAGTFs). All

MAGTFs, regardless of size or specific composition, contain four basic

elements as shown in Figure III-1. There are three different size MAGTFs;

the MAF, the MAB, and the Marine amphibious unit (MAU). This study

daddresses the MAF and the MAB as the basis for the containerized ammunition

support concept. Because of the MAU's comparatively limited sustainabil-

ity, the likelihood of containerizing its ammunition supply is signifi-

cantly less than it is for a MAF or MAB.

COMMAND

ELEMENT

I ,
GROUND AVIATION COMBAT SERVICE
COMBAT COMBAT COMPAT EREMCE
ELEMENT ELEMENT SUPPORT ELEMENT

FIGURE I11-1.
BASIC ELEMENTS OF MARINE AIR-GROUND TASK FORCES
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B. NOTIONAL MARINE AMPHIBIOUS FORCE (MAF)

1. Description

The MAF, the largest and most powerful MAGTF, is organized as shown in

Figure 111-2. Since MAGTFs are task organized for specific missions, the

-. actual composition of a given MAF might vary somewhat at the unit level;

-however, the basic structure remains as shown.

MAF HEADQUARTERS

MARINE DIVISION MARINE AIRCRAFT WING FORCE SERVICE

(REINFORCED) SUPPORT GROUP

3 INFANTRY REGIMENTS 5 MARINE AIRCRAFT GROUPS L SI
ARTILLERY REGIMENT MARINE AIR CONTROL GROUP LANDING SUPPORT BATTALION

TANK BATTALION MARINE WING SUPPORT GROUP MOTOR TRANSPORT BATTALION

LAV BATTALION MARINE TACTICAL ENGINEER SUPPORT BATTALION

AAV BATTALION RECONNAISSANCE SQUADRON SUPPLY BATTALION

COMBAT ENGINEER BATTALION MARINE TACTICAL ELECTRONIC MAINTENANCE BATTALION

RECONNAISSANCE BATTALION WARFARE SQUADRON MEDICAL BATTALION
HEADQUARTERS BATTALION MARINE AERIAL REFUELER DENTAL BATTALION

TRANSPORT SQUADRON HBS BATTALION
MARINE WING HEADQUARTERS
SQUADRON

FIGURE 111-2.
NOTIONAL MAF ORGANIZATION

A MAF normally contains a reinforced Marine division, a Marine air-

craft wing, and a FSSG and is commanded by a Major General or Lieutenant

General, depending on its exact size and mission. The MAF commander is

responsible for the task organization of the force and for the temporary

reassignment of units for specific operations or exercises.

Total personnel strength in the MAF is about 55,000. Approximately

34,950 personnel are in the primary attack force (or AE), 10,740 make up

the AFOE, and about 9,310 constitute the fly-in echelon (FIE).
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2. Major MAF Elements

The major elements of the MAF shown in Figure 111-2 can be related to

the generic MAGTF organization as follows:

0 MAF headquarters -- Command elements

0 Marine division (Rein)----Ground combat element (GCE)
* Marine air wing -- - Aviation combat element (ACE)
* FSSG - Combat service support element (CSSE)

The MAF headquarters provides the overall control and organization ot

the force. Usually this element contains the MAF commander, parts of his

staff, and detachments from subordinate units that tend to support the

for-e as a whole. Examples of the functions performed by such detachments

include prisoner interrogation, force reconnaissance, photographic inter-

pretation, and sensor control/management.

Although the GCE can vary in size from a division (minus) to several

reinforced divisions, it is most often considered to be a single Marine

division (rein). Nominally, this reinforced division consists of three

infantry regiments, one artillery regiment, and several combat support

* battalions.

The preponderance of the GCE's firepower is located in the artillery units

and in the tank and light armored vehicle (LAV) battalions. The assault

amphibian battalion provides much of the transportation for the initial

surface assault forces (e.g., infantry), and the combat engineer battalion

provides overall engineering support (such as minefield sweeping/clearing

and essential vertical construction) to the other division units, as

required. Ground reconnaissance functions are performed by units of the

reconnaissance battalion, which are normally attached to the forward com-

panies of the infantry regiments. Control and administrative services for

the GCE are provided by the headquarters battalion.

The ACE nominally has four to five Marine aircraft groups (MAGs), a
Marine air control group (MACG), a Marine wing support group MWSG, and the

Marine wing headquarters squadron (MWHS). MAGs are of two types--

fighter/attack and helicopter. The former are commonly designated

MAG(VF/VA) while the latter are designated MAG(VH).

The MACG contains headquarters, communications, air control, air sup-

port, and air traffic control squadrons as well as the air defense units of
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The MACG contains headquarters, communications, air control, air sup-

port, and air traffic control squadrons as well as the air defense units of

the MAW. In particular, the air defense units are the light anti-aircraft

missile (LAAM) battalion and the forward area air defense (FAAD) battery.

Logistics support of the MAW is provided by the MWSG, wing engineer, and

wing transportation squadrons. Other squadrons within the MAW provide

tactical reconnaissance, electronic warfare (EW), and refueling support for

all units of the wing.

The preponderance of Combat Service Support for the MAF is found in

the battalions of the CSSE. The landing support battalion provides the

command structure, personnel, and specialized equipment that form the basis

for effective management of breakbulk cargo/container throughput during

operations at ports, railways, airfields, and beaches. Medium and heavy

motor transport support for MAF units comes from the motor transport bat-

talion, and general engineer support (e.g., bridge equipage, water supply,

repair of runways, expeditionary airfield (EAF) installation) is the re-

sponsibility of the engineer support battalion. The supply battalion is

organized into companies based on the classes of supply being handled; sup-

ply dumps for various classes of supply are built up as cargo is brought

ashore. The maintenance battalion provides intermediate level maintenance

support for all Marine Corps-furnished ordnance, engineer, transport, com-

munications, electronics, and supply equipment within the MAF. Medical,

dental, and headquarters functions are provided, respectively, by the

medical, dental, and headquarters and service (H&S) battalions of the

CSSE.

3. KAF Weapon Systems

Table III-1 details the major weapon systems in the GCE of a notional

MAF. Because of the task-organized nature of the MAF, actual weapon quan-

tities are not always the same as shown here, but may vary slightly with

the specific mission at hand. The largest expender of artillery ammunition

is the large number of 155-mm howitzers. The 8-inch howitzer accounts for
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the remainler of the artillery firepower. Other indirect-fire weapons

found in the MAF include the 81-mm and 60-m mortars. (The 105-mm howitzer

has been retired from active Marine Corps forces.)

TABLE 1II-1. MA GCE WEAPON SYSTEMS

System Quantity

Artillery
155-mm howitzer 108
8-inch howitzer 12

Mortars
81-mm mortar 72
60-mm mortar 81

Tanks
M60 w/105-mm gun 70
or M1 58

Amphibian Assault Vehicles
LVT 208

Light Armored Vehicles (LAV)
LAV 110

Rocket/Missile Launchers
Dragon 288
TOW 144

Small Arms
MK19 330
SMAW 189
M2 MG 435

M60 MG 601

Personal weapons

Tank quantities shown for the M60 and the MI are mutually exclusive.

A MAF will contain either 70 M60 tanks or 58 M1 tanks, not both. Changes

.to tank ammunition requirements that would result when the M1 becomes the

Marine Corps main battle tank are discussed in Chapter IV. The IOC for the

M1 is 1990.

Other MAF combatant vehicles include the assault amphibian and light

armored vehicles. The primary antitank systems are the Dragon and TOW mis-

siles, which are found in the antitank company of the tank battalion. In

addition to these major ground weapons, the MAF also has a large number of

automatic rifles, machine guns, and personal weapons.
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Major weapons in the MAF ACE consist of the aircraft and anti-air war-

fare launchers shown in Table 111-2. Of these aircraft, the large

expenders of ordnance are the fixed-wing jet aircraft, primarily the AV-8,

F-4/FA-18, and the A-6E. The EA-6 is used for electronic warfare and the

RF-4B is a reconnaissance version of the F-4. Neither of these type air-

craft normally expend large amounts of ammunition. Similarly, the TA4

trainer, OV-10A observation aircraft, and KC-130 cargo aircraft are not

large consumers of ammunition. Cargo helicopters (i.e., CH-46s and CH-53s)

generally expend only qun ammunition while the UH-1N can fire certain

rockets/missiles as well. The AH-IT attack helicopter is capable of firing

both a 20-mm gun and assorted rockets/missiles.

Hawk missiles are among the largest ordnance items in the Marine Corps

inventory, measuring 215 inches long and weighing approximately 3,300

pounds. A combined Stinger/Redeye quantity is shown (Table 111-2) since,

for the near future, both will be in the field simultaneously.

TABLE 111-2. MAF ACE WEAPON SYSTEMS

System Quantity

Fixed-wing aircraft
hV-8 100
F-4/FA-18 72
A-6E 40
EA-6 1 5
RF-4B 7

TA4/OA4 12OV-I10A 1 2
KC-130 24

Rotary-wing aircraft
CH-46E 156
CH-53D 80
CH-53E 32
UH-1N 24
AH-1 J 72

Anti-air warfare launchers
Hawk 24
Stinger/Redeye 150
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4. MAF Motor Transport

As part of the FLS, the Marine Corps is standardizing its vehicle

fleet. Common chassis and powr units are used where possible to reduce

maintenance times/costs and to enhance interoperability. The location and

approximate quantities of motor transport assets throughout the MAF are

shown in Figure 111-3 [Ref. 7].

NUJMBER[ By UNIT

GCE ACE CSSE

ASSET TYPE

Trucks

HMMWV.cago. M998.514 ton 13436 347 3748 49 235 178 61 3624 6410 1732 6626 7 4 1567

HMMWV. Tow, M1045. 514 ton 72 72

HHMTT. Ston cag 131 9 324 10 36 17 10 158 104 1 12 36 10 IS 117 10 1030

LVS-MK40 tu powor ut 4 32

LVS-MK14 coriem houier 13

LVS-MK17 drapudle cargo I I I I I I I 1 14

SOURCE: U.S. Marine Corps Field Logistics System Equipment Distribution, 30 Dec 83

FIGURE 111-3.
MAF TRANSPORTATION ASSETS

The high-mobility multipurpose wheeled vehicle (HMMWV) replaces the

M151 jeep and 1/4-ton trailer, the M561 Gamma Goat, and the M792/M718A1

ambulances. Although a versatile vehicle, it is not useful for moving

substantial amounts .of heavy ordnance. However, it may be useful for

transporting limited amounts of small arms ammunition, pyrotechnics, and

demolitions. In such a role, the HKMWV might aid in the resupply of infan-

try units and some of their attachments.

The heavy high-mobility tactical truck (HHMTT) replaces 5-ton and 2-

1/2-ton trucks currently in the FMF and is used to move palletized

ammunition from ammunition dumps to using units, and to pull bomb trailers

from bomb dumps to the flight line.
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Other major ammunition transporters include the LVS-MK48/MK14 con-

tainer hauler combination and the logistical vehicle system (LVS)-MK48/MK17

dropside cargo combination. These vehicles consist of a common MK48 front

power unit (FPU) and a mission-specific rear body unit (RBU). The MK14

will be the primary transporter of 8'x8'x20' ammunition containers in the

AOA, once containerized cargo is brought ashore. MK17 dropside cargo RBUs

(which have an onboard crane) can accommodate breakbulk cargo and small or

intermediate containers.

For GCE units, the most useful vehicle for transporting ammunition is

the HHMTT (see Figure 111-3). Within the artillery regiment and the tank

battalion, some HHMTTs are dedicated to an ammunition support role. How-

ever, as mentioned earlier, the HMTT can accommodate only palletized ammu-

nition. For all practical purposes, within the GCE there is no capability

to transport 20-foot ammunition containers.

Within the ACE there is a palletized ammunition transport capability

and a limited ability to transport containers. This limited ability could

be provided by the 13 MK14 container haulers located in the MWSG. -However,

these 13 units are available to handle all classes of supply, not just

Class V.

Most of the transport assets for hauling 20-foot containers are found

in the CSSE. In particular, the Motor Transport Battalion will contain ap-

proximately 91 percent of all MK14 container haulers allocated to the MAF.

The above vehicles are all part of the motor transport subsystem of

the FLS and are discussed in more detail in Chapter V.

5. MAF Materials Handling Equipment

MHE for MAF-sized organizations is shown in Figure 111-4 [Ref. 7] and

consists mainly of cranes and forklift trucks. Although the 30-ton rough

terrain crane (RTC) is used in marshaling yard operations, it is limited to

handling empty or lightly loaded containers due to low boom ratings at
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shallow angles. The 7-1/2-ton crane is not useful for handlinq larqe con-

tainers, but is used extensively in MAG bomb dumps for lifting and handling

munitions.

NUMBS BY UNIT'

CE ACE CSSE

MARINE
"14 COMBAT WING LANOIG ENGINER

ARTILLERY 'ANK L-NGINEER AV LAY SUPPORT H&S MAINTENANCE SUPPORT SUPPORT
REGIMENT BALIOk BArrTTaLO BATTALION BATTALION G ROU BATTALION BAALION BATTALION 4ATALON TOTAL

CRANE. T.
30 ton 4 6 1 18 7 36

CRANE. WHEEL MTO 6.4
7 Ion ISP wd RT) 25- 12

°  
43

TRUCK. FORKLIFT. RT.
10.000-b 1 8 1 17 6 1 15 15 64
TRUCK, FORKLIFT. RT,

6.000-lb 1 8 1 56 35 12 113

TRUCK. FORKLIFT. AT.
4.000lIb 41 5 20 25 1 24 116

ROUGH -TERRAIN
CONTAINER HANDLER 6 6

LIGHTWEIGHT AMPHIBIOUS
CONTAINER HANDLER 12 12

*SOURCE: U.S. Marine Corps Field Logistics System Equipment Distribution, 30 Dec 83
*SOURCE: N-Series Table of Equipment (N-8744, N-3240, N-3250)

FIGURE 111-4.
MAF MATERIAL HANDLING EQUIPMENT0

Forklift trucks are the most numerous pieces of MHE in the MAF. The

10K RTFL is a diesel-powered, four-wheel-drive, rubber-tired tractor with

articulated steering. It can operate in up to 5 feet of surf and is pri-

marily used in handling of shipping frames and other components of the

FLS. The 6K RTFL can also operate in up to 5 feet of surf and is similar

in design to the 10K vehicle but has less weight-lifting capability. The

4K RTFL is a pneumatic-tired, helicopter-transportable vehicle for direct

support of combat, combat support, and combat service support units. It is

well suited for unstuffing 8'x8'x20' containers in the AOA. In the artil-

lery regiment, the 4K RTFL also serves as an auxiliary prime mover for the

M198 howitzer.

Handling of large loaded containers is to be performed by the 50,000-

pound RTCH and the lightweight amphibious container handler (LACH). The

RTCH is the principal means in the FLS for container handling in marshaling

and storage area applications.
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LACHs require a prime mover, such as a medium crawler tractor, and

operate by straddling the container to lift and move it. They can function

in up to 5 feet of surf and are primarily used to offload containers from

landing craft and place them on the ground or on container haulers.

All of the above items are part of the materials handling equipment

subsystem of FLS and are discussed in more detail in Chapter V.

Also, within the ACE, there are approximately 112 CH-53 cargo helicop-

ters that can handle QUADCONs or palletized ammunition. While these heli-

copters may be useful in emergency resupply of such ordnance, their primary

mission is movement/transport of all classes of supply with an additional

mission of troop movement.

6. MAF Buildup Ashore

Fiqure 111-5 details the force buildup ashore, by major elements, for

a MAF. This chart was constructed using the landing priority table and

troop list data shown in ARCORS-1A to estimate unit arrival times. Table

C-2 of Appendix C provides the summarized data used to construct Figure

111-5. Figure III-5 (and Table C-2) should not be interpreted as abso-

lutes; rather, they reflect approximate numbers of personnel ashore. As

such, they are useful in illustrating the early buildup of ground combat

units and the somewhat later phasing of the aviation units. The darkly

shaded areas of the chart indicate that the buildup of the ACE is small

through D+4. Air units arriving during this period are HAWK missile bat-

teries, Marine air support squadron elements, and a forward anti-air

defense battery. On or about D+5 the first MAG(VH) comes ashore, and the

second arrives on D+8. Transition-ashore times for MAG(VA)s are not speci-

fied in the MARCORS. For planning purposes, the study team assumed that

one MAG(VA) arrived on D+12, a second on D+15, and the final one on D+30.

Naval support forces are included in the CSSE buildup ashore, which is

indicated by the cross-hatched portions of the chart. Through D+2, the

CSSE consists largely of landing support battalion, supply battalion, and

other beach party elements. Elements of the motor transport battalion are

ashore by D+3, and engineer support battalion detachments follow around

III-10



D+4. The H&S battalion, CSSE, is completely ashore by D+6. The mainte-

nance battalion, medical battalion, dental battalion, and remaining supply

battalion elements complete most of the CSSE buildup by D+8. Final ele-

ments of the Navy's mobile construction regiment move ashore about D+30.

During the force buildup, supplies are offloaded (commensurate with

available MHE) to ensure continuing support for the advancing combat and

combat support units. Thus, AE supplies (15 days of supply) are in break-

bulk form or in small or intermediate containers; AFOE supplies (45 days of

supply) also include large ISO containers. The MMROP provides planning

guidance for this offload, as shown at the bottom of Figure 111-5, i.e.,

that AE supplies are offloaded by D+5 and AFOE supplies between D+5 and

D+30. Thus, by D+5, one or more CSSAs should be established with supply

points for various classes of supply.

_, w'."50

C40 - _ _

EACE

2 30
LU

0j z
0

0
10

0 D+ D+-2 D+3D+4D+5 D+6 D+7 D+8 D+9 D+0-1+12 D5D30

4- UNLOAD AE SUPPLIES p! -UNLOAD AFOE SUPPLIES

-UNLOAD ALL PERSONNEL AND EOUIPMENT ,TO AND TIE)

NOTES: M1) Consistent with MMROP AND MARCORS.
2) Assumes one VA MAG arrives on each of the following days: D + 12. D + 15 and D + 30.

and one VH MAG arrives on D + 5 and D + 8.
(3) CSSE segments include Naval support personnel.
(4) GCE segments include command element personnel.

FIGURE 111-5.MAF BUILD-UP ASHORE
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7. HAF Support Organizations

Ammunition supply support organizations for the notional MAF are shown

in Figure 111-6. The Marine division truck company of the headquarters

battalion has approximately 100 5-ton trucks. In an emergency, some of

these vehicles could be tasked to assist in the movement of breakbulk ammu-

nition to division units, but they are not available for routine ammunition

supply/resupply. Within the artillery regiment, there are 148 5-ton trucks

and 5/4-ton trailers dedicated for ammunition-related tasks. Similarly,

the tank battalion has 24 dedicated 5-ton ammunition vehicles.

Marine Division Marine Air Wing Force Service Support Group

7in T 7 Cap" On Tfmr~ S~.U ' Lft bw apL . ~ q -. .1o% eesWR i" wLft a
a Who bw & T-- - -- -- - 1ft"s mm fMm Nr, L1MINm f

1010 a" a" I F 40ia"wt

nm Tfw fti.

FIGURE 1114.
MAF AMMUNITION SUPPORT ORGANIZATIONS
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For the Marine Air Wing, heavy payload vehicles are required to trans-

port bulk palletized Navy ammunition from: (1) the beach to the FSSG; (2)

the FSSG to theater air base bomb dumps, and (3) theater air base bomb

dumps to air facility forward site bomb dumps. The FSSG responsibility for

transporting bulk ammunition extends from the beach to the CSSA and then to

the theater air bases. The MWSG responsibility for transporting bulk am-

munition extends from the theater air base bomb dump to the forward air

base "mini" bomb dumps. The MAG (H&MS) responsibility for transporting as-

sembled chemical, nuclear, and conventional ammunition extends from the air

base bomb dump to the air base flight line area. The MWSG may augment this

function provided MWSG operators are explosive driver licensed, and are

qualified and certified in writing by the MAG (H&MS) to perform munitions

functions in accordance with applicable Naval Directives. MWSG operators

must be Personnel Reliability Program (PRP) certified by the MAG (H&MS) in

the case of chemical and nuclear weapons. The resupply of bulk ammunition

from the FSSG to the air base is normally conducted at night so as not to

interfere with peak air base operations during daylight hours and to reduce

the risk of enemy air attack. The resupply of assembled ammunition from

the MAG (H&MS) bomb dump to the flight line area is a 24 hour per day

operation with peak activity occurring during daylight hours.

Many ammunition supply support functions are performed by elements of

the battalions of the CSSE. The landing support battalion (LSB) provides

much of the specialized MHE and personnel required for the management of

breakbulk and containerized cargo for all classes of supply. The landing

support company of the LSB is responsible for locating and establishing in-

terim multiclass dumps and controlling the landing beaches. Engineer

equipment support and minimum transportation are provided to the landing

support company by the H&S company of the LSB. The beach and port company

of the LSB directs beach, railhead, airhead, and cargo terminal operations.

Handling and management of containers is the responsibility of the

beach and port company, which provides personnel and equipment for supply

movement within dumps and depots.
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Medium, heavy, and marginal terrain transport augmentation for the MAF

is provided by the motor transport battalion, which contains the primary

containerized ammunition hauler, the LVS-MK48/MK14.

Within the supply battalion, the ammunition company is dedicated to

the receipt, storage, and issue support of all Class V items. 7he major

elements of this company are the company headquarters, a general support

ammunition platoon, two direct-support ammunition platoons, a nuclear

ordnance platoon, and an explosive ordnance platoon. The ammunition

platoons are composed of ammunition squads, package/helicopter support

squads, and an aviation ammunition section. In MAF-sized operations, the

ammunition company can organize and operate one or more ASPs in one or more

CSSAs.

C. NOTIONAL MARINE AMHIBIOUS BRIGADE (MAB)

1. Description

The MAB is the second largest MAGTF and is generally organized as

shown in Figure 111-7. Like the MAP, the MAB is a task organization and

may be organized somewhat differently than shown here; however, the basic

overall structure would remain the same. A MAB usually contains a regi-

mental landing team (RLT), a MAG, and a brigade service support group

(BSSG). Normally, a MAB is commanded by a brigadier general.

2. Major MAB Elements

The MAB GCE is a regimental landing team composed of two to five in-

fantry battalions, an artillery battalion, and the supporting company size

units shown in Figure 111-7. Antitank missile assets are provided by the

TOW platoon that is part of the tank battalion. Aviation support for the

MAB is provided by a MAG containing fixed-wing, rotary-wing, and antiair-

warfare assets. This MAG is the smallest aviation unit designed for rela-

tively independent operations and is equipped and organized to facilitate

deployment ashore as existing airfields become available or as expedi-

tionary airfields are developed.
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MAR HEADQUARTERS

REGIMENTAL MARINE AIRCRAFT GROUP BRIGADE SERVICE
LANDING TEAM SUPPORT GROUP

INFANTRY BATTALIONS (2 TO 5) FIGHTERIATTACK UNITS LANDING SUPPORT UNIT
ARTILLERY BATTALION HELICOPTER UNITS MOTOR TRANSPORT UNIT
TANK COMPANY ANTIAIR-WARFARE UNITS ENGINEER UNIT
AAV COMPANY SUPPLY UNIT
LAV COMPANY MAINTENANCE UNIT
COMBAT ENGINEER COMPANY MEDICALJDENTAL UNIT
RECONNAISSANCE COMPANY SERVICE UNIT
TOW PLATOON
MOTOR TRANSPORT PLATOON

FIGURE 111-7.
NOTIONAL MAB ORGANIZATION

The BSSG is task organized from elements of the FSSG to provide the

CSS needs of the MAB for up to 30 days without resupply. The BSSG units

shown in Figure III-7 perform essentially the same functions as their par-

ent organizations in the FSSG perform for the MAF.

3. MAB Weapon Systems

Table 111-3 details the types and quantities of the major weapon sys-

tems in the GCE of a notional MAB. As in the MAF, actual weapon quantities

vary somewhat depending on the specific mission being undertaken.
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TABLE 111-3. MAD GCE WEAPON SYSTEMS

System Quantity

Artillery
155-mm howitzer 30

8-inch howitzer 6

Mortars

81-mm mortar 24
60-mm mortar 27

Tanks
M60 w/105-mm gun 17
or M1 14

Amphibian assault vehicles
LVT 45

Light-armored vehicles
LAV 38

Rocket/Missile Launchers
Dragon 96
TOW 48

Small Arms
MK19 110
SMAW 63
M2 MG 138
M60 MG 255
Personal weapons

Although the weapon types are the same as those found in a MAF, the

quantities found here are substantially less. Again, the systems of pri-

mary interest to this study are those that expend the most ammunition. As

will be seen in Chapter IV, the howitzers account for most of the Class

V(W) usage in the MAB. Class V(A) ordnance for the MAB is expended by the

aircraft shown in Table 111-4, primarily by the fixed-wing fighter and at-

tack aircraft and by the attack helicopters.
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TABLE 111-4. MAB RICE WEAPON SYSTEMS

System Quantity

Fixed-wing aircraft

A V- 8 40
* F-4/FA-1 8 24
*A-6E 20

EA-6 7
RF-4B 4

TA4/0A4 6
OV-10QA 6
KC-1 30 8

Rotary-wing aircraft
CH-46E 48
CH- 53D 32
CH-53E 10
EJH-1 N 6

AH-1J 24

Anti-air warfare launchers
Hawk 6
Stinger/Redeye 60
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4. MAB Motor Transport

A MhB possesses the same types of motor transport assets as a MAF, but

quantities and distribution are somewhat different, as shown in Figure

111-8 (Ref. 7].

ASSET TYPE Q

Trucks

HMMWVCargo, M998,5/4 ton 15 122 37.1 5 7 10 15 17 1 3 5 24 1 1 264

HMMWV, Tow, M1 045. 5/4 ton 24 24

HHMTT, 5-ton cargo 6 3 33 6 26 3 2 1 56 136

LVS-MK48 front power unit 1 8 33 4 d-
LVS-MKT4 container hauler 4226

LVS-MK1 7 dropside cargo I 16 6

FIGURE 111-8.
MAB TRANSPORTATION ASSETS

5. MAB Material Handling Squipment (MHE)

Like the transportation assets, the MHE types found in the MAB are

identical to those in the t4AF. The locations and quantities of MAB mater-

ial handling equipment are shown in Table 111-9 (Ref. 5].
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LOCATION4 BY UNIT

GiCE ACE SSE

OETMARKA DIOET L.ANDING OEt
IFP ARTIL.LERY TANK EAV LAV WbS SUPPORT

BATTALION COMPANY COMPANY COMPANY COMPANY ST IN G ATTALION COMPANY ,pT E 
T
OAL-

CRANE. RT
30 ton I , 9 0 9 "

CRANE, WHEEL MTD.
7 % ton (SP and RT1 00 100 V0 16"

TRUCK. FORKLIFT. RT.
10.000-b be ,0 boo 60 00 V0 26"

TRUCK. FORKLIFT. RT.

6.000-lIb b* b boo 41 •

TRUCK. FORKLIFT. RT.
4.000-lb 6000 I' 00, &0 a 24"

ROUGH-TERRAIN
CONTAINER HANDLER V' 5""

LIGHTWEIGHT AMPHIBIOUS
CONTAINER HANDLER I- 4..

"MAGTF Lift Planning Data of Oct 83

"'AppIromation based on 6th MAB MPS planning factors of 19 Oct 83.

FIGURE 111-9.
MAB MATERIAL HANDLING EQUIPMENT

6. MAB Buildup Ashore

The MAB buildup ashore follows the same general trend as that shown in

WFigure 111-5 for the MAF, i.e., the GCE units largely come ashore by D+2;

but the ACE buildup is initially small as fixed-wing aircraft operate from

N airbases outside the AOA during the first days of the assault. Detachments

from the BSSG land with the GCE, but the majority of the support forces

come ashore some days later.

* The BSSG is capable of supporting a MAB for 30 days without resupply.

Current MMROP guidance states that the 15 days of supply (DOS) for the AE

are to be offloaded by D+5, and the AFOE 15 DOS by D+15. Thus, all AFOE

supplies for the MAB come ashore over a 10-day period (i.e., D+5 to D+15)

as opposed to the 25-day period (i.e., D+5 to D+30) allowed for unloading

MAF AFOE supplies. Furthermore, the current MMROP states that all MAB

units are to be offloaded by D+9; 3 days earlier than the D+12 goal for

unloading all MAF units.
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7. MAB Ammunition Support Organizations

Palletized ammunition support for the MAB can be found in the organic

assets of the regimental landing team and the MAG. The artillery battalion

and the tank company have 5-ton trucks that are dedicated to performing am-

munition related tasks. Helicopter units can be useful in emergency

resupply of ammunition, but these units are primarily used for troop move-

ment and emergency resupply. They are also a pooled resource and are not

usually dedicated ammunition haulers. Mc.st of the ammunition control func-

tions are performed by the subordinate units of the BSSG. The BSSG is

%formed from the FSSG and may also include naval support element forces.

Ammunition container handling and control functions largely are centered in

the landing support, motor transport, and supply units of the BSSG.

D. MARITIME PRE-POSITIONING SHIPS (MPS) PROGRAM

1. Description

The MPS program is a permanent follow-on to the near-term pre-

positioning force (NTPF), which is currently in existence. The MPS program

involves pre-stationing selected equipment and 30 days of supplies tor

three MABs near potential crisis areas. The intent of MPS is to provide

"rapid pre-emptive response into an essentially oenign area or rapid rein-

forcement of already committed forces." MPS is not intended to be the lead

element of an amphibious assault.

The three permanent MPS units are designated MPS-1, MPS-2, and MPS-3.

MPS-1 is made up of one AMSEA ship and three Waterman ships, MPS-2 contains

five Maersk ships, and MPS-3 contains four AMSEA ships (Table 111-5). This

difference in ship mixes gives rise to three different container sizes.

AMSEA ships will each be loaded with a total of 522 8'x8'x20' containers;

Maersk ships with 340 8'6"x8'x20' containers each, and Waterman ships with

a mix ot 8'6"xS'x20', 6'x8'x20' and 8'x8'x20' containers for a total of 537

in edch ship. Fbr the purposes of this study, no distinction need be madeI4
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among these three sizes, since they are all categorized as large containers

that require specialized equipment (i.e., LACHs, RTCHs, or large cranes)

tor handling.

TABLE III-5. MPS SHIP MIX (Ref. 8]

Number of ahips by Type

MPS Unit AMSEA Mersk Waterman Tbtal

MLPS-1 1 3 4

MPS-2 5 5

MPS-3 4 4

2. -MPS Ammunition Containers

Each ship is to be loaded with a number of ammunition containers that

vary according to shipbuilder. AMSEA ships hold 322 8'x8'x20' ammunition

A~L containers per ship, a Haersk ship holds 283 8'6"xB'x20' ammunition con-

tainers, and Waterman ships each hold 172 8'6"x8'x20' plus 150 6'xB'x20'

ammunition containers. fhus, the total number of ammunition containers

(irrespective of size) in each MPS unit is shown in Table 111-6.

TABLE III-6. AMMUNITION CONTAINERS FOR MPS UNITS

Number of (ontainers by Ship Type

MPS Unit AMSEA Maersk Waterman Ttal

MPS-I 322 - 966 1 ,288

MPS-2 - 1,415 - 1,415

MPS-3 1 ,288 - - 1 ,268
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3. MPS Equipment

Typical items and quantities ot support equipment designated as part

of MPS-I are shown in Table 111-7. 1his equipment is intended to provide

the capability to offload, handle, and transport all of the containers,

including ammunition, coming ashore from MPS.

TABLE III-7. MPS EQUIPMENT ALLOCATION

Rjui pmen t Qiantity

Crane, RT, 30-ton 12
Truck, Forklift, RT, 4,000 lb 24
RTCH 10 *

LACH 4
MILVAN chassis units 48

It is assumed that a like nunber of medium
tractors will be provided as prime movers.

These will serve as the interim container hauler
until the November 1985-April 1986 period when they
will be replaced by the LVS-MK48/M1K 4.

The capabilities and applicability of these MPS items of equipuent for

handling containerized ammunition are discussed in Chapters V and VII.

4. MPS Offloading

An MPS offloading period of 10 days is specified for a MAB in the cur-

rent MMROP. However, in a November 1983 meeting [Ref. 81, a new require-

snent was introduced to complete offloading of a MPS unit and transfer the

containers to a CSSA marshaling area in a 5-day period. 1herefore, this

study will use 5 days as the required offloading period for MPS.
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E. SUMMATION

The preceding discussion has covered the task organizations, material

assets, and buildup ashore of the various elements that make up the

notional MAF and MAB considered in this study. Also presented was a des-

cription of current planning factors being used relative to the imple-

mentation of the MPS program.

Following is a brief rundown of the key points that influence the

development of concepts for containerized ammunition support in an AOA,

based on the information in this chapter and in the description of the

baseline ammunition support system presented in (2apter II:

1. Ebrce and Supply Buildup Ashore

* Cmbat Elements

From D-day until D+30, the preponderance of combat power
ashore is the GCE; and (as quantified in Chapter IV), re-
supply of Class V(W) makes up the greater share of the ammu-
nition support mission during this period.
As aviation units are phased ashore from D-5 through D+30,

more and more of the total amounts of ammunition required is
Class V(A); and (as quantified in Chapter IV), beyond D+30
the greater share of the ammunition resupply mission will be

Class V(A).

* Combat Service Support Element

Marine CSS units begin coming ashore with the AE, build up
as rapidly as possible, and, as resources become available,
est4blish and expand supply dumps for various classes of
supply.

CSSAs and ammunition storage areas/ASPs should be function-
ing by D+5. MAF ammunition storage areas/ASPs are operated
by the ammunition company of the supply battalion, CSSE,
which requires augmentation from other CSSE units for MHE
and motor transport.

AE Class V supplies (15 DOS for a MAF or a MAB) will be in
breakbulk form (i.e., woden or metal pallets) and will be
offloaded ashore by D+5.

AFOE Class V supplies (45 DOS for a MAF and 15 DOS for a
MAB) will be a mix ot breakbulk and large ISO containers,
and will be offloaded ashore between D+5 and 0+30 for a MAF
and between D+5 and D+15 for a MAB (other than MPS).
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2. Eluipment Allocations

0 Motor Transport

The HHMTT, which is found in almost all ammunition consuming
units as well as in service support units of MAGTFs, is the
primary transporter of breakbulk ammunition within an AOA.

- he MK48/MK17, with an onboard crane, can be used to trans-
port breakbulk ammunition or intermediate containers.

- 48/MK14 assets, which provide the sole transport capabil-
ity for fully loaded large ISO containers, are concentrated
primarily in the motor transport units of the CSSE of a MAF
or MAB for force-wide support. (In a MAP, there are also 27
MK48s and 13 MK1 4s in the MWSG of the MAW; these might pro-
vide an added capability for transporting Class V(A) con-
tainerized cargo.)

0 Gbntainer Hindling

Both major items of container handling equipment, the LACH
and the RTCH, are concentrated in the landing support unit
of the CSSE of a MAP or MAB.

- The LACH, which requires a medium tractor for operation and
mobility, is used to offload ISO containers from landing
craft.

~The RTCH is the principal means of handling ISO containers
in marshaling and storage areas.

0 ontainer Unstuffing

The 4K RTFL provides the only mechanical means for unstuff-
ing ISO containers.

Significant numbers of 4K RTFLs are found in the CSSE, ACE,
and the artillery portion of the GCE. However, in this
latter case, the primary role of the 4K RTFL is as an
auxiliary prime mover for the M198 howitzer.

3. Maritime Pre-positioning Ships

* For purposes of this study, MPS employment will be considered
primarily as a subordinate element of a MAF.

* The information provided concerning support equipment for a
typical MPS is considered to be representative of MPS-1, MPS-2,
and MPS-3.
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Amunition resupply impacts for the supported weapon systems cited

above are presented in the next chapter, Ammunition Requirements; and the

adequacy and capabilities of the equilpment noted are discussed in Chapter

V, Field logistics System.
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IV. AMMUNITION REQUIREMENTS

A, GENERAL

Ammunition requirements are developed in this chapter for two reasons:

(1) to provide a basis for determining the overall level of ammunition

transportation and handling required within an AOA and (2) to quantify the

amounts of ammunition expended in various categories (e.g., artillery,

mortars, bombs, rockets). Most of these categories are associated with

specific using units and thus provide not only the quantities of ammunition

but also an indication of the ultimate geographic distribution of the dif-

ferent ammunition types.

The procedures used in computing the ammunition requirements (ex-

) pressed in short tons) are identical for the MAF and the MAB. Source data

for these calculations were provided by Headquarters, Marine Corps, in the

form of computer printouts from the MAGTF lift planning model. These com-

puter printouts were provided as too separate data packages: one for

ground ammunition, Class V(W), and the other for aviation ordnance, Class

V(A). The Class V(W) data package provides daily intense and sustaining

consumption rates for individual DODICs. The Class V(A) data package con-

tains only the intense rate consumption for a MAF. Sustaining rate data

for Class V(A) are estimated across the board as 80 percent of the intense

rate requirement. Class V(A) requirements for a MAB are estimated as a

percentage of the MAF requirements, based on numbers of aircraft by type.

Early in this effort, the study team determined ammunition require-

ments based on the average of intense and sustaining rates. After the

first interim report, however, the SAC expressed concern that such an aver-

age might lead to an unrealistic estimate of actual ammunition require-

ments. The SAC thus suggested separate presentation of the requirements at

the intense rate and at the sustaining rate.
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The following sections of this chapter summarize the intense and sus-

taining rate requirements for both a MAF and a MAB. These requirements are V.

expressed in short tons and in ISO container equivalent units (CEUs) for

ground ammunition and aviation ordnance. Detailed short-ton calculations

are contained in Appendix B, the CEU computations are shown in Appendix C,

and the geographical distribution of ammunition requirements units in Ap-

pendix D.

B. MAP AMMUNITION REQUIREMENTS

1. Class V(W) Requirements (Short Tons)

Ammunition in Class V(W) was aggregated into eight major categories to

illustrate how ammunition expenditures vary with the type of weapon system

employed. The major categories of Class V(W) ammunition addressed in this

report are:

* Small arms
* Mortars
* Tanks
* Artillery
* Demolitions
* Antitank
• Anti-air missiles
" Light-armored vehicles.

The source data provided by Headquarters, Marine Corps, provided the

daily poundage (packaged weight) of each Department of Defense Identifica-

tion Code (DODIC) required by a MAF engaged in combat. Each data item

(i.e., DODIC) was placed into one of the above eight categories, and the

short-ton totals for each category were computed. In the case of the

artillery calculation, subtotals were also obtained for three subcate-

gories: projectiles, propellants, and fuzes/primers. These subtotals are

used later to estimate individual densities for each of these three subcat-

egories. Table IV-1 shows the MAF Class V(W) daily requirement in short

tons (STs) at the intense rate. As can be seen, the Class V(W) intense

rate daily requirement varies widely among the different categories--from a
high of 882 STs for artillery (approximately 78 percent of the total) to a

low of 1 ST for the LAV(25) (an LAV mounting a 25-mm gun).
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TABLE IV-1. CLASS V(W) INTENSE RATE MAF REQUIREMENTS

Category Short Tons per Day

Artillery 882
Projectiles (701)
Propellants (158)
Fuzes/primers (23)

Demoli tions 105
Mortars 52
Small arms 38
Anti-air missiles 36
Tanks 16
Antitank 8
LAV(25) 1

Total 1,138

4 The Class V(W) sustaining rate calculations were performed in exactly

the same manner as for the intense rate, but using the MAF Class V(W) sus-

taining data. As before, each DODIC was assigned to one of the eight ammu-

nition categories, total pounds were obtained for each category, and pounds

were converted to short-ton requirements. Table IV-2 shows the results of

these procedures.

TABLE IV-2. CLASS V(W) SUSTAINING RATE MAF REQUIREMENTS

Category Short Tons per Day

Artillery 355
Projectiles (287)
Propellants (58)
Fuzes/primers (10)

Demoli tions 85
Mortars 40
Small arms 17
Anti-air missiles < 1
Tanks 5
Antitank 2
LAV(25) < 1

Total 506 (approx.)
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2. Class V(A) Requirements (Short Tons)

Ordnance in Class V(A) was aggregated into five major categories to

illustrate how expenditures vary with the type of aircraft/weapon system

employed. The major categories of Class V(A) ordnance addressed in this

study are:

= Bombs
* Missiles
* Rockets
0 Gun ammunition
0 ECM devices.

Source data for these categories were in the form of 100-day intense

rate requirements by DODIC or NALC. These values were converted to daily

requirements and assigned to one of the five major categories shown

above. Category totals were obtained and then converted to short tons as

was done previously for Class V(W). Since the detailed Class V(A) source

data are classified when individual NALCs are identified, they are not in-

cluded in this report. This summary, including the information in Appendix

B, however, is not classified. %ble IV-3 shows the Class V(A) intense

rate requirements by major category. Bombs and missiles clearly account

for the majority of the requirements, specifically, about 88 percent of the

total.

TABLE IV-3. CLASS V(A) INTENSE RATE MAF REQUIREMENTS

Category Short Tons per Day

Bombs 714
Missiles 201
Rockets 56
Gun ammunition 39
ECM devices 31

Total 1 ,041

In estimating the Class V(A) sustaining rate requirements, a slightly

different approach was used. 1he Class V(A) source data package did not

contain individual NALC sustaining rate data but suggested that, tor plan-

ning purposes, sustaining requirements could be estimated by applying an
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across-the-board planning factor of 80 percent to the intense rate require-

ments. Thus, the requirements in Table IV-4 were obtained by multiplying

the intense requirements of Table IV-3 by 80 percent.

TABLE IV-4. CLASS V(A) SUSTAINING RATE MAF REQUIREMENTS

Category Short Tons per Day

Bombs 571
Missiles 161
Rockets 45
Gun ammunition 31
ECM devices 25

Total 833

C. MiB AMMUNITION REQUIREMENTS

1. Class V(W) Requirements (Short Tons)

MAB Class V(W) intense rate source data were aggregated into the eight

major categories defined previously for the MAF. Computing the total

1pounds per category and converting to short tons yielded the values shown
in Table IV-5.

TABLE IV-5. CLASS V(W) INTENSE RATE MAB REQUIREMENTS

Category Short Tons per Day

Artillery 278
Projectiles (218)
Propellants (53)
Fuzes/primers (7)

Demolitions 27
Anti-air missiles 18
Mortars 17
Small arms 10
Tanks 4
Antitank 2
LAV(25) < 1

Total 357 (approx.)
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The high and low requirements, respectively, are artillery and the LAV(25),

just as in the MAF case. The short-ton values for the artillery subcate-

gories (i.e., projectiles, propellants, fuzes/primers, respectively) are

shown since they are used later in the determination of the artillery CEUs.

The MAB Class V(W) sustaining rate calculations were performed in the

same manner as for the intense rate. Using the sustaining rate data for

these calculations yields the results shown in Table IV-6.

TABLE IV-6. CLASS V(W) SUSTAINING RATE MAB REQUIREMENTS

Category Short Tons per Day

Artillery 112
Projectiles (89)
Propellants (20)
Fuzes/primers (3)

Demolitions 22
Mortars 13
Small arms 5
Tanks 1
Antitank -1
Anti-air missiles < 1
LAV(25) < 1

Total 156 (approx.)

2. Class V(A) Requirements (Short Tons)

The Class V(A) data package provided by Headquarters Marine Corps con-

tained data for aircraft in support of MAF-sized operations only. Thus

Class V(A) requirements for the MAB could not be determined directly from

source data as in the case of Class V(A) MAF requirements. However, assum-

ing requirements are proportional to the number of aircraft being sup-

ported, the MAB requirements can be estimated similarly as a percentage of

the MAF requirements based on the ratio of MAG aircraft to MAF aircraft.

Hence, for a given ordnance category "i" the MAB requirement can be ex-

pressed as:

4b
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No. of type j
acft in a MAB

NAB Rqmt = MAB Rqmt = NAF Rqmt x - (Eq. IV-1)
i all j ij all j ij No. of type j

acft in a MAF

where: i represents an ordnance category (e.g., bombs, rockets)
j represents an aircraft type (e.g., AV-8, CH-53).

The last term in the above equation is referred to as the notional MAB/MAF

aircraft ratio. These ratios are computed based on the aircraft quantities

in Marine Air-Ground Task Forces [Ref. 9], and are shown in Table IV-7.

TABLE IV-7. MAB/MAF AIRCRAFT RATIOS

Aircraft MAB/MAF Ratio

AV-8 0.40
F-4/FA-18 0.33
A-6 0.50
EA-6 0.47
OV-10 0.50
CH-53 0.38
CH-46 0.31
UH-1 0.25
AH-1 0.33

Using the V4AB/MAF ratios of Table IV-7, Equation IV-1, and the MAF

* requirements presented in Table 1-3, the Class V(A) intense rate MAB

requirements were then computed. These results are shown in Table IV-8.

TABLE IV-8. CLASS V(A) INTENSE RATE MAB REQUIREMENTS

Cateqory Short Tons per Day

Bombs 298
Rockets 21
Missiles 78
Gun ammunition 14

ECM devices 12

Total 423
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As in the MAF case, the largest Class V(A) requirement is for bombs

and the smallest is for ECM devices. To arrive at the Class V(A) sustain-

ing rate requirements shown in Table IV-9, the intense rate values of Table

IV-8 were multiplied by the planning factor of 80 percent.

TABLE IV-9. CLASS V(A) SUSTAINING RATE MAF REQUIREMENTS

Category Short Tons per Day

Bombs 238
Rockets 62
Missiles 17
Gun ammunition 11
ECM devices 10

Total 338

D. CONTAINER EQUIVALENT UNITS

1. Computation Procedures

In order to quickly ascertain the ammunition requirement for each

major category in container-size units, tonnages were converted to CEUs

using one of the two procedures discussed below. The choice of which pro-

cedure to use was based on a comparison of the density of the category

being converted to the critical density of an 8'x8'x20' ISO container.

Critical density for this size container is equal to 37.1 lb/ft 3 [Ref. 101

and represents the density that would simultaneously permit the container

to be loaded to its maximum weight and cube capacities. Hence, the criti-

cal density serves as a measure of whether a container loaded with a given

ammunition category will "weigh out" or "cube out" first. Ammunition cate-

gories with a density greater than or equal to the critical density of 37.1

lb/ft 3 will weigh out first while those with a density less than the criti-

cal density will cube out first. The two procedures used for converting

short tons to CEUs are:

V-8-V
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Procedure 1 - Category Density - Critical Density (37.1 lb/ft 3

ST. (Eq. IV-2)
CEU. =- 

'V where: CEUi = the number of CEUs of ammunition in category "i"
STi = the number of short tons of ammunition in category "i"

19 = assumed to be the average number of STs of palletized am-
munition per 8'x8'x20' container.

Procedure 2 - Category Density < Critical Density (37.1 lb/ft 3)

ST.
CEU. = - x 2000 x 1110 x 0.6 (Eq. IV-3)

I D.

where: CEUi = the number of CEUs of ammunition in category "i"
* ST i = the number of short tons of ammunition in category "i"

SD 
= the density of ammunition in category "i"

2000 = a conversion factor with the units (ibs/ST)

1100 = the cubic feet of cargo capacity in a 8'x8'x20' container
[Ref. 101

0.6 = a broken stowage factor for ammunition (Ref. 101.

This simplifies to:

.ST.
CEU. --. x 3i. D.

1.

In order to choose between these two procedures the category density

(D.) must be known so that it can be compared to the critical density. The

followinq paraqraphs address the estimation of these category densities.

2. Estimating Category Densities (D,)

Category densities are expressed in pounds per cubic foot and were

computed by dividing the total packaged weight of a given ammunition cate-

qory by the total cube for that same category. These weight and cube data

were taken from References 5 and 6. The notation Di was used to denote the
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density of ammunition in category "i." Actual calculations of the category

densities are shown in Appendix C and summarized in Table IV-10.

Since the artillery category is made up of projectiles, propellants,

and fuzes/primers that each have substantially different densities, the

three subcategory densities shown below were used rather than an average

density for the entire category. This approach leads to a more accurate

estimation of the artillery CEUs, as shown in the following paragraphs.

TABLE IV-10. AMMUNITION DENSITIES

Category Density (lb/ft3

Class V(W)

Small arms 71.4

Mortars 36.0
Tanks 37.9
Artillery

Projectiles 99.6
Propellants 22.3
Fuzes/primers 42.4

Demolitions 44.0
Anti tank 15.1
Anti-air missiles 21.5
Light-armored vehicles 29.4

Class V(A)

Bombs 34.5
Rockets 30.0
Missiles 17.7
Gun ammunition 58.5
ECM devices 25.1

3. MAF CEUs

The basic procedure for computing the CEUs needed for the various am-

munition categories is shown in Figure IV-1.

To compute the MAF (intense rate) CEUs, the data from Table B-4 were

used. Detailed calculations are shown in Appendix C, and the results are

summarized below in Table IV-11.
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TkBLE IV-1 1. MAF INTENSE RATE CEUs

Category CEUs per Day

Artillery 59.4
Demolitions 5.5
Mortars 4.3
Small arms 2.0
Anti-air missiles 4.9
Antitank 1.6
Tanks 0.8
LAV(25) 0.1

Class V(W) subtotal 78.6

Bombs 61.2
Missiles 33.5
Rockets 5.6
ECM devices 3.7
Gun ammunition 2.1

Class V(A) subtotal 106.1

Total Class V(W) and Class V(A) 184.7

• CEU values have been selectively checked

and found to be in reasonable agreement with
results obtained using 6th MAB's methodology
for computing MPS container requirements, as
determined in a 12 April 1984 telephone con-
versation with a representative of 6th MAB.

By far, artillery for ground munitions and bombs for air munitions account

for the greatest daily number of CEUs. Together they comprise approxi-

mately 65 percent of the total requirement. Other munition categories are

on the order of five CEUs per day or less, except for aircraft missiles,

which are the third most prominent item of daily usage.

CEU calculations for a MAF at the sustaining rate are also shown in

Appendix C. These calculations were performed in the same manner as in the

case of the intense rate calculations, but use the results from Table B-6

rather than the intense values from Table B-4. Table IV-12 summarizes the

CEU requirements at the sustaining rate. The results are seen to be pro-

portionately about the same as in the case of the intense rates; and, for

Class V(W), most categories are less than one CEU per day.

IV-12
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TABLE IV-12. MAF SUSTAINING RATE CEUs

Category CEUs per Day

Artillery 23.4
Demolitions 4.5
Mortars 3.3
Small arms 0.9
Anti-air missiles < 0.1
Antitank 0.4
Tanks 0.3

LAV(25) < 0.1

Class V(W) subtotal 33.0 (approx.)

Bombs 48.9
Missiles 26.8

Rockets 4.5
ECM devices 3.0
Gun ammunition 1.6

Class V(A) subtotal 84.8 (approx.)

Total Class V(W) and Class V(A) 117.8

4. Phasing of MAF CEU Requirements

Phasing of Class V(W) CEU requirements was not a consideration since

all units requiring extensive Class V(W) support are ashore by D+1 and re-

quiring ammunition supply support from that point on. For Class V(A),

however, the airbases ashore generally will not be established all at once;

thus, the geographical distribution and operational times of the five major

air facilities described in Chapter III had to be considered. The Class

V(A) intense rate CEU requirement of Table IV-11 were distributed among

these facilities as shown in Table IV-13, based on the requirements defined

in Reference 6 (see Appendix D).
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TABLE IV-13. GEOGRAPHICAL DISTRIBUTION OF AF CLASS V(A)

INTENSE RATE CEUs

Facility CEUs per Day

Forward Base 1 16.8
Forward Base 2 16.8
Main Base 1 13.4

Main Base 2 13.4
SELF 45.7

Total 106 .1

As before, the sustaining rate CEU distribution was estimated to be 80

percent of the intense rate values. These results are summarized in Table

IV-1 4.

TABLE IV-14. GEOGRAPHICAL DISTRIBUTION OF MAF SUSTAINING RATE CEUS

Facility CEUs per Day

Forward Base 1 13.4
Forward Base 2 13.4
Main Base 1 10.7
Main Base 2 10.7
SELF 36.6 U

Total 84.8

To take into account the time phasing ashore of aviation units, the

daily rate of Tables IV-13 and IV-14 apply only from the time at which a

particular base becomes operational. The operational times in Table IV-15

are those presented in Chapter III for the phasing ashore of the various

MAGs in the ACE.

TABLE IV-15. AIR BASE OPERATIONAL TIMES

Facility Assumed Operational Time

Forward Base 1 D+5
Forward Base 2 D+8
Main Base 1 D+12

Main Base 2 D+15

SELF D+30
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Putting the operational times and the CEUs for the individual bases

together results in the time-phased CEU requirements shown in Table IV-16.

TABLE IV-16. CLASS V(A) CEU REQUIREMENTS VERSUS TIME

Operational Time Intense Rate CEUs Sustaining Rate CEUs

D+5 16.8 13.4
D+8 33.6 26.8
D+12 47.0 37.5
D+15 60.4 48.2
D+30 106.1 84.8

5. MAB CEUs

The procedures for calculating MAB CEUs are identical to those for the

MAF, as shown previously in Figure IV-1. Data for the intense rates are

found in Table B-9, and the detailed calculations are shown in Appendix

C. Table IV-17 summarizes these results. Once again, artillery, bombs,

and missiles account for the largest share of the total requirement, by

far.

TABLE IV-17. MAB INTENSE RATE CEUs

Category CEUs per Day

Artillery 19.0
Demolitions 1.4
Mortars 1 .4
Small arms 0.5
Anti-air missiles 2.5
Antitank 0.4
Tanks < 0.2
LAV(25) 0.1

Class V(W) subtotal 25.5 (approx.)

Bombs 25.5
Missiles 13.0
Rockets 2.1
ECM devices 1.4
Gun ammunition 0.7

Class V(A) subtotal 42.7

Total Class V(W) and Class V(A) 68.2 (approx.)
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Table IV-18 shows the results of the sustaining rate AB CEU calcula-

tions, with the same proportionate result.

TABLE IV-18. MAB SUSTAINING RATE CEUs

Category CEUs per Day

Artillery 7.6
Demolitions 1.2
Mortars 1.1
Small arms o.3
Anti-air missiles < 0.1
Antitank 0.2
Tanks 0.1
LAV( 25) < 0.1

Class V(W) subtotal 10.7 (approx.)

Bombs 20.4
missiles 10.3
Rockets 1.7
ECM devices 1.2
Gun ammunition 0.6

Class V(A) subtotal 34.2

Total Class V(W) and Class V(A) 44.9 (approx.)

At the sustaining rate, artillery, bombs, and missiles comprise slightly

more than 85 percent of the total CRU requir-ent.

6. Phasing of MAB CEU Requirements

As for the MAF, the phasing of MAB CEU requirements is more of an

:1 issue for Class V(A) than for Class V(W). Class V(W) support is required

almost immediately because the majority of the ground combat force is

ashore by D+1; however, the Class V(A) support required depends on when the

airbases become operational.

For study purposes, it was assumed that initial air operations, within

the AOA, would take place about D+5 from a forward air base, and that a

main base would be operational by D+12. By assuming that the forward

base/main base distribution for the MAB was in the same proportion as it

was for the MAF, the qeographical distribution would be as shown in Table

tv--9.
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TABLE IV-19. GEOGRAPHICAL DISTRIBUTION OF FAB INTENSE RATE CEUs

CEUs per Day

Facility Bombs Missiles Rockets SCM Devices Gun Amno Total

Forward Base 12.2 9.5 1.0 0.9 0.4 24.0
Main Base 13.3 3.5 1.1 0.5 0.3 18.7

Total 25.5 13.0 2.1 1.4 0.7 42.7

The sustaining rates shown in Tablo !V-2 r-q it fr xP applynq a stand-

ard planning factor of 80 percent t: tne .ntp)o rtt-S t Tanip IV-14.

TABLE IV-20. GEOGRAPHICAL DISTRIamrrr m )f *t 'i"TAINIMG RATE CEUs

' Facility Bombs Missiles Rockets WN Dev., Gun kmmo Total

Forward Base 9.8 7.6 ').8 '. 1 0.3 19.2
Main Base 10.6 2.8 0.9 0.4 0.2 14.9

Total 20.4 10.4 1.7 1.1 0.5 34.1

'Totals vary slightly with Table IV-18 due to rounding.

Putting the operational times and the CEUs for the two bases together

results in the time-phase CEU requirements shown in Table IV-21.

TABLE IV-21. CLASS V(A) MAB CEU REQUIREMENTS VERSUS TIME

Operational Time Intense Rate CEUs Sustaining Rate CEUs

D+5 24.0 19.2
D+12 42.7 34.1
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E. CORRELATION WITH FLS CONTAINERIZATION ESTIMATES

Before summing up the key observations regarding the foregoing computa-

tions, a comment is in order concerning a comparison of the total number of

MAF AFOE ammunition containers determined herein and that presented in the

lates FLS equipment validation summary [Ref. 11].

From the numbers of daily CEUs for MAF operations presented in Tables

IV-11 and IV-12, the 45-day CEU requirements are seen to be:

Intense Sustaining

Class V(W) 3,537 1,485
Class V(A) 4,775 3,816

Total 8,312 5,301

In Reference 11, the total number of Class V containers (comparable to

CEUs) is indicated as:

Class V(W) 1,456
Class V(A) 4,047

Total 5,503

There is very close correlation between the sustaining rate CEU total

number and the total Class V container number from Reference 11. However,

there is a significant difference noted when comparing the intense rate CEU

quantity with the total Class V container number from Reference 1 1--the

principal difference arising from the much greater number of CEUs for Class

V(W) at the intense rate.

It is beyond the scope of this study to resolve this disparity, if, in

fact, this is a disparity. Based on the guidance of the SAC to consider the

"real world" situation as far as anticipated level of wholesale ammunition

containerization for the AFOE during the midrange, the difference noted

should not present a problem in the concepts described in Chapter VII.

Tuthe summation that follows focuses primarily on the retail aspects of

ammunition resupply and the possible impact of different ammunition consump-

tion rates on containerization.
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Fe SUMMATION

This chapter has quantified daily ammunition consumption for various

categories of Class V(W) and Class V(A) in terms of both short tons and

CEUs. Determination of the daily short tonnages indicates very quickly

which categories are the highest users and, thus, would place the greatest

demands on the logistical system for resupply. Determination of the CEUs

establishes a common unit of measure (i.e., an 8'x8'x20' ISO container, or

equivalent) for the various categories to facilitate later analysis of the

requirements for container handling, hauling, storage, etc., for various

options.

Following is a brief recap of the insights derived from the foregoing

computations.

p 1. MAF Operations

. * Class V(W)

-- Artillery, by far, is the biggest user at both the intense
and sustaining rates--59.4 CEUs (76 percent of the total) and
23.4 CEUs (71 percent of the total), respectively. This
establishes artillery as the Class V(W) category that places
the greatest demands on the ammunition resupply system, as
well as the Class V(W) category that could receive the great-
est benefits from containerization concepts that provide for
efficient movement of large quantities of ammunition forward.

.. ' . (A complicating factor is the widespread dispersion of artil-
lery firing batteries and their normal policy of rapid,
intermittent relocation.)

-- The remaining categories of Class V(W) are significantly
less, ranging from a maximum of 5.5 CEUs per day for the
highest category to much less than one CEU per day. Thus,
for these categories it would appear that rapid breakout of
incoming containerized ammunition from a wholesale format
(i.e., large ISO containers) to a retail format (i.e.,
palletized unit loads or equivalent) for issue to using units
would be the best course of action.

0 Class V(A)

Once all MAF units are ashore, the Class V(A) requirements
are the larger share of the total ammunition expenditures in
the AOA--106.1 CEUs out of 184.7 (57 percent of the total) at
the intense rate and 84.8 out of 117.8 CEUs (72 percent of
the total) at the sustaining rate.
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Within Class V(A), bombs and missiles make up the predominant
share of the total requirements--94.7 CEUs (89 percent of the
total) at the intense rate and 75.7 CEUs (once again 89 per-
cent of the total) at the sustaining rate.

The foregoing suggests that it would be extremely desirable
to transport containerized Class V(A) stocks coming into the
AOA directly to the vicinity of operating airfields as
rapidly as possible.

2. MAB Operations

0 The above comments for the MAF apply also to the MAB, but on a
reduced scale as far as quantities are concerned. Of interest,
however, is the fact that once all forces are ashore, the Class
V(A) requirements are an even greater share (than in the case of
the MAF) of the total ammunition expenditures--42.7 out of 68.2
CEUs (63 percent of the total) at the intense rate and 34.2 out of
44.9 CEUs (76 percent of the total) at the sustaining rate.

I
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V. FIELD LOGISTICS SYSTEM

A. GENERAL

Based on the study guidance to look at "effective and efficient use"

of current and projected Marine Corps equipment, this chapter addresses the

capabilities and applicability of specific components of three of the major

subsystems of the FLS--containers, materials handling, and motor transport.

chapter III presented a general description of use, quantities, and unit

allocations of the MHE and motor transport that are found in MAGTFs (and

are part of the FLS).

Below is a list of the components in each of the subsystems to be

considered regarding their actual or potential role relative to the uniti-

zation, handling, and unstuffing of containerized ammunition:

* Containers

-- Container, 8'x8'x20' (commercial)
-- Pallet container (PALCON), 41"x40"x48"

-- Quadruple container (QURDCON), 6'10"x4'9.5"x8'
-- Shipping frame, 8'x8'x10'

-- Shipping frame, 4'x8'x6'8" (SIXCON)

* Materials handling equipment

-- RTFL, 4K

-- RTFL, 6K
-- Tractor, rubber-tired, articulated steer, 10K

-- LACH, 22.5 ton
-- RTCH, 50,000 lb
-- Rough-terrain crane, 30 ton

* Motor transport

* - -- 4HMWV, 5/4 ton
-- HHMTT, 5 ton

-- MK48, LVS front power unit (FPU)
-- MK14, Container Hauler

-- MK17, Dropside Cargo with crane

V-1
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The following discussion covers each of the above FLS components in

turn. Also included is a brief assessment of the possible use of the

medium girder bridge (MGB) transport equipment for containerizing ammuni-

tion pallets. A great deal of graphic material exists on this subject

(notably the FLS Status Report, (Ref. 12] and similar documents). Only

enough background descriptive information is presented here to ensure the

* completeness and clarity of this study. Unless otherwise noted, the source

of physical and operational data is Reference 12.

B. CONTAINER SUBSYSTEM

1. Container, 8'x8'x20'

The commercial ISO container, 8'x8'x20' (Figure V-1), is an enclosed,

reusable, weatherproof container for transporting or storing unit loads,

packages, or bulk items of all classes of supply. This intermodal con-

tainer is compatible with containerships of the merchant fleet. The empty

weight of the container is about 4,200 pounds and its cargo carrying capac-

ity is about 20 tons. Access to container contents is through double-doors

in one end, which has a door opening 7' high and 7'6" wide.

For the case at hand, DoD guidance is that ammunition will be contain-

erized at the source (e.g., CONUS depots or ammunition plants) to the

extent practicable (Ref. 131. A favorable feature of the nature of the

conventional ammunition palletized unit loads that will be used to stuff

containers is that, in almost all cases, single (or very few) DODIC items

can be placed in individual containers.

Safe transport of containerized ammunition by all modes of transporta-

tion (commercial rail, truck, ship, etc., as well as by military means)

requires provision of approved load restraint systems, i.e., blocking and

bracing, to ensure that the palletized unit loads remain intact and sta-

tionary throughout the transportation network. Such restraint systems in

commercial containers have been tested by the Defense Ammunition Container

System (DACS) and have been approved by the United States Coast Guard and

the American Association of Railroads (AAR).
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FIGURE V-1.
COMMERCIAL CONTAINER, 8' x 8' x 20'

The ISO container provides a convenient means for unitizing and trans-

porting large quantities of ammunition into an AOA. Likewise, the ISO

container affords an excellent means for temporary storage, thus enhancing

capabilities for environmental protection and security for either all or

selected munitions items.

However, two aspects of the routine use of the ISO 8'x8'x20' enclosed

container for all ammunition unitization are worthy of comment:

* Weight/cube efficiency. As indicated in Chapter IV and in Appen-
dix C, the density of most DODICs is such that in many cases the
cargo weight capability of the container is reached before the
available volume is utilized. Thus, more efficiency might be
achieved, particularly in the logistical pipeline, through the
use of specialized (i.e., reduced height) containers.

* Accessibility to contents. The current method for unstuffing the
ISO container is through the use of the 4K RTFL, which enters
through the end opening and extracts each ammunition pallet one
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so that the forklift can readily get inside. This procedure is
time-consuming and creates a need for container handling equip-
ment to move and position full containers at the terminus where
they are to be unstuffed.

The above problems were presented as follows in the DoD Program

Management Plan for Containerized Ammunition Distribution Systems Develop-

ment [Ref. 13], which indicated:

A requirement for commercial dropside, open top, half

size munition containers which could be more conducive
to efficient transportation than van-type
containers. The high density of munition cargo does
not lend itself well to cube utilization of van con-
tainers and use of half size containers would improve
utilization, reduce transportation costs, and reduce
container handling equipment requirements. Potential
benefits of using open top containers will have to be
weighed against potential safety and security
problems.

As a consequence, the Air Force has initiated two projects to assess

the feasibility of using ISO flat rack containers to move air munitions.

These projects, Easy ISO and Commando Rack are discussed in Chapter VI.

2. PALCON, 41"x40"x48"

The PALCON (Figure V-2) is a weatherproof, reusable container for use
at all force levels to support the storage and movement of organizational

property and organic consumable supplies. The PALCOtU's empty weight is 250

pounds and its cargo capacity is 1,000 pounds. it has a double-opening

door on one side with an opening of 33"x34" and can hold a rack and six bin

inserts (10"x17"x45") for small items, if desired. Eight PALOON units can

be linked together in a 2x2x2 configuration; 24 PALCONs can be accommodated

by an 8'x20' logistics trailer.

In development of the FLS, PALCONs were not envisioned for use as

ammunition containers. This is especially true for intertheater movement.

The current palletized unit loads (wooden pallets) are about the size of

PALCONs (exterior volume 45.6 cu ft; interior volume = 31.5 cu ft) or

less, but can accommodate significantly great3r total loads. For example,
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FIGURE V-2.
PALCON

a small arms pallet with a volume of 37.5 cu ft has a gross wight of about

2,700 pounds. These pallets are, to the extent possible, consistent with

stowage space on Navy amphibious assault shipping for Marine corps Class

) v(W) and are suitable for the movement of ammunition ashore during the

landing of the AE. Further, for later phases of the amphibious operation,

palletized unit loads can be stuffed into 8'x8lx20' containers by DODIC at

CONUS ammunition plants or depots (or at ports), with no unstuffing until

the containers are opened in the AOA.

Within an AOA, breaking down palletized unit loads into individual

ammunition boxes for packing into PALCONs (which have a payload capacity

smaller than that of the pallets) would not appear to offer any added

effectiveness or efficiency in the ammunition resupply process. If PALCONs

wre to be used routinely for movement of ammunition forward from ASPs to

using units, the daily workload of stuffing the PALCONS (which would

include blocking and bracing to ensure load stability) and handling would

be enormous.

PALCONs do offer the advantages of environmental protection and secur-

ity when compared to wooden pallets. Thus, although large scale use of
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PALCOs, as currently configured, for ammunition movement on a routine

basis would not be prudent for the reasons noted above, the use of PALCONs

selectively for specialized missions (e.g., a case where the only available

cargo carriers are 5/4-ton HMMWVs) might provide a convenient means for

efficient unitization and transport of ammunition packages. Also, under

all circumstances, PALCONs offer the potential of providing secure, dry

stationary storage for relatively small quantities of ammunition.

Based on the study guidance, the above discussion is predicated on

current equipment/capabilities or those projected for implementation during

the midrange period. The one aspect that could make PALCONs more attrac-

tive for recurrent use as an ammunition container within an AOA would be

the provision of a variety of honeycomb inserts for different types of

ammunition that would permit optimum packing density of "bare rounds" or

rounds in sealed fiber canisters within the PALCON. Under this concept,,

incoming palletized unit loads could be depalletized and depackaged in the

ASP and the bare rounds or canisters placed in the inserts within P&LCONs

for trans-shipment to using units. On the premise that the inserts would

be made of polyethylene or some other lightweight material, the packing

efficiency of the PALCON would be significantly greater than in the case of o
loading it with ammunition boxes. (For example, in the case of the current

51-pound box of three 81-mm HE mortar rounds, almost 45 percent of the

total weight is the box and packing materials.) In addition to efficient

use of the PALCON, this procedure could deliver ammunition to using units

in a much more "user friendly" configuration, but it would add a workload

requirement for the FSSG ammunition company for which it is not currently

staffed.

3. QUADCON, 6'10"x4'9.5"x8'

The QUADCON (Figure V-3) is a weatherproof, reusable container of

intermediate size to support the storage and movement of organizational

property and organic consumable supplies. It is compatible with the cargo

handling and stowage configurations of U.S. Navy amphibious ships and the

merchant fleet. The QUADCON's empty weight is 2,565 pounds and its cargo

capacity is 7,435 pounds. It has double doors on each 4'9.5" side with
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weatherproof sealing strips and latches; the door openings are 5'5" hiqh by

420 wide. The QUADCON has a connecting capability of two, three, or four

unit arrays; and the four unit array can be accommodated by an 8x20'

logistics trailer. The QUADCON can be handled by a forklift from all four

sides and by a sling from a crane or helicopter.
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FIGURE V-3.
QUADCON

As in the case of the PATCON, the QUADCON was not envisioned in the

FLS program for use as an intertheater ammunition container. Based on the

increased tare weight of the combination, the payload capacity of a four

unit QUADCON array would be at least 5 tons less than that of one ISO

8'x8'x20' container. Also, as with the PALCON, the enclosed nature of the

QUADCON provides environmental protection and security not present with

wooden pallets.
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Within an AOA, the QUADCON could offer the potential of being useful

for onward movement of large quantities of ammunition beyond ammunition

supply points to using units, particularly when the transport mode is by

helicopter. Based on its larger size (compared to the PALCON) and payload

capacity, both individual palletized unit loads and ammunition boxes could

be secured by blocking and bracing within the QUADCON. However, no data

exist concerning the stuffing of QUADCONs with ammunition pallets; thus the

ability to optimally pack a QUADCON may be questionable. The ability to

gain access from two sides of the QUADCON is a definite asset in both

stuffing and unstuffing. Most important, this, by necessity, would be a

manual operation requiring a significant commitment of manpower resources.

This suggests that such use of the QUADCON should probably be on an

exceptional or emergency basis.

Due to the inherent inefficiency of ammunition packaging, the config-

uration of the palletized unit loads, and the questionability as how

efficiently the QUADCON can be stuffed, the potential that QUADCONs may

promise for the unitization of ammunition loads cannot be realized unless

special provisions are made. As suggested above for the PALCON, the cor-

rective action could be the provision of internal racks with honeycomb

inserts for various types of "bare round" ammunition. However, in this

case, as with the PALCON, the breakdown of the incoming palletized unit

loads in the ASP to a "bare round" configuration for placing into the

QUADCON inserts would be an extremely heavy (and currently unprogrammed)

workload for the ammunition company. A better approach would be to ensure

that incoming ammunition is packaged in a manner that would facilitate

placing into a QUADCON with little or no extraordinary effort required on

the part of ASP personnel. To accomplish this, however, would require the

cooperation of the Army, the single manager for ammunition packaging.

4. Shipping Frame, 8'x8'x1O'

The 8'x8'x1O' FLS shipping frame, Figure V-4, is a reusable, open top

cargo carrier of steel construction to support the mounting and movement of

water purification equipment, as well as the unitization and movement of
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desiqnated bulk material. its empty weight is 3,000 pounds and its cargo

capacity is 7,000 pounds (less than that of the QUADCON). The shipping

frame construction enables handling by a forklift from all four sides, and

a two unit array can be connected to fit the 20-foot cell of a

containership. Current plans are to procure this item for provision as

government furnished equipment (GFE) for mounting units such as the 600

gallons per hour reverse osmosis water purification unit (ROWPU), which is

part of the service support subsystem of FLS; at this time there are no

plans by the Marine Corps to procure the 8'x8'x10' frame as a separate end

item.

The payload capacity of two 8'x8'x10' frames is at least 30 percent

less than ;hat of one ISO 8'x8'x20' container. Thus, the shipping frame

would not appear to be an efficient intertheater carrier of ammunition.

Within an AOA, the 8x8'x10' frame could conceivably be used as a

carrier for palletized ammunition loads. However, the orientation of the

end and side frame and bracing would seem to preclude accessibility from

the sides or ends for a forklift to place pallets on the base of the

AJframe. It is understood, however, that the side braces are (or could be

made) removable, thus alleviating this problem.

The number of these frames to be procured is significantly smaller

than that of PALCONs and QUADCONs (i.e., by an order of magnitude--100s vs

1,000s), and the unit cost of the 8'x8'x10' frame $5,834 for the current

buy, is about $1,000 greater than that of the QUADCON. The unit cost of

fabricating the honeycomb inserts (if that were done) for the QUADCON

mentioned above would not be significantly greater. Thus, if the choice

for an ammunition container were only between this shipping frame and the

QUADCON configured to hold bare rounds, the selection would be obvious--the

modified QUADCON. If the choice were between the shipping frame and the

existing QUADCON, the selection would be more more difficult; but would

probably still be the QUADCON based on less cost and better environmental

protection and security.

V-9
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FIGURE V4.
SHIPPING FRAME, 8'x 8" 10'

5. Shipping Frame, 4'x6'8"x8'

The 4'x6'8"x8' shipping frame (SIXCON), Figure V-5, is a reusable,

open top cargo carrier of steel construction to support the mounting and

movement of various items of organizational equipment as well as the uniti-

zation and mounting of designated bulk material. Its empty weight is 1,560

pounds (not including a 400-pound floor) and its cargo capacity is 8,040

pounds (not including a 400-pound floor). This frame can be handled by a

forklift from all four sides, and a six unit array can be connected to form

an 8'x8'x20' configuration that will fit in the 20-foot cell of a con-

tainership. Current plans are to procure this Item for provisicn as GFE

for mounting FLS Service Support equipment such as the fuel/water pump and

storage modules; at this time there are no plans by the Marine Corps to

procure the SIXCON as a separate end item.

Although the payload capacity of these frames individually is quite

good, the limitations on gross weight of a six unit array during intermodal

transport would generally limit its utility as an efficient intertheater

carrier of ammunition.
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Within an AOA, the SIXCON could be used as a carrier for palletized

ammunition loads as was the case for the HALFCON. The SIXCON could provide

a superior means of combining ammunition pallets for helicopter lift.

FIGURE V-5.
LISHIPPING FRAME, 4'x6'8"xS'

However, neither the end nor side rails/braces are removable, thus pre

venting loading of the frame with a forklift. Thus, if it should be

decided to use SIXCONs as ammunition carriers, a design change should be

incorporated to permit removal of the side rails and braces.

The total number of SIXCONs to be procured is significantly greater

than that of the HALFCONs, primarily due to the large number of FLS Service

Support modules to be mounted in these frames. The approximate unit cost,

about $2,500, is a little more than half that of of the QUADCON and about

$1,000 more than that of the PALCON.

C. MATERIALS HANDLING EQUIPMENT SUBSYSTEM

1. RTFL, 4K

As indicated earlier, the 4K RTFL (Figure V-6) is the sole mechanical

means among the FLS equipment for unstuffing 8'x8'x20' containers. In
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order for the 4K RTFL tc do this, the container must be on a firm, stable

surface so that the forklift can readily enter, pick up, and remove pallet--

ized unit loads. In most cases, containers would be grounded for this - -

operation. If unstuffing of containers on chassis (i.e., without removal

from trailers) is desired, one of two methods may be employed: an earthen

platform could be constructed so that the working level of the 4K RTFL is

the same as the level of the floor of the trailer; or alternatively, a pit

could be excavated into which a trailer could be backed so that the level

of the trailer floor is the same as the level of the ground. A third

method could be the use of the mobile loading ramp (an Army item) as a

means of gaining access to a container on a trailer; however, the Marine

Corps evaluated and rejected this item several years ago.

~ . ....... __

FIGURE V-6.
4K ROUGH-TERRAIN FORKLIFT (RTFL)

The work cycle of the 4K RTFL for container unstuffing is relatively

slow, even for an experienced operator. Primarily, this is due to exten-

sive travel required between load pickup and release. For postulated,

reasonable conditions, a nominal number of loads to be extracted from each
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ammunition container, say 12, the daily production for a 20-hour workday

would be about 23 containers unstuffed, or an average of 1.15 container per

hour (see Appendix E).

State-of-the art MHE, viz., the shooting-boom forklift truck, exists

that could appreciably alleviate the above problems. This item is dis-

cussed in Chapter VI.

2. RTFL, 6K and RTFL, 10K

Both the 6K RTFL and the 10K RTFL are used in loading/unloading land-

ing craft in up to 5 feet of surf, conducting materials handling tasks on

and across the beach, and loading/unloading logistics vehicles. These

machines both provide a versatile material handling capability in various

applications in the AOA where four-wheel drive and rough terrain mobility

are required. The 10K RTFL can also be fitted with a 2.5 cubic yard bucket

for excavation and earth loading tasks, but it will be used extensively as

the primary handler of the QUADCON and the shipping frames (HALFCONs and

SIXCONs) discussed above.

3. LACH, 22.5 ton

The LACH (Figure V-7) is a two-wheeled, hydraulically-operated strad-

dle carrier that provides a napability to offload fully loaded 8'x8'x20'

containers from beached landing craft. As indicated, the LACH requires a

separate prime mover, a medium-crawler tractor, to provide mobility. It

can be maneuvered through up to 5 feet of surf to pick up the containers;

on the shore it can deposit containers either on the ground or directly

into logistics trailers for movement inland.

The LACH, RTCH and the Navy-operated elevated causeway (ELCAS) are the

designated means for discharge of 8'x8'x20' containers in LOTS

operations. Depending on the discharge rates, availability of

equipment/personnel, or other circumstances, these means may be used

simultaneously or individually. LACH throughput capacity is currently

rated at 120 containers per day (cpd) for a 20-hour workday (Ref. 111; the

total number of LACHs allocated to the MAF is 11, as indicated in Chapter

III. (As a matter of interest, Reference 11 also indicates that the
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FIGURE V-7.

LIGHTWEIGHT AMPHIBIOUS CONTAINER HANDLER (LACH)

throughput capacity of the ELCAS is 600 cpd for a 20-hour workday and that

there will be two ELCASs designated for support of each MAF. Further,

Reference 12 states that "since the ELCAS provides a faster and less

cumbersome operation than the LACH, it is likely that a great majority of

the containers will be handled by it.")

Although the LACH provides a utilitarian means for offloading con-

tainers from beached LCM-8 and LCU landing craft, it has several drawbacks

that may have an adverse influence if it were the only means for bringing

containers across the beach. Each LACH, of course, ties up a crawler

tractor; if the distance that containers are to be moved is very great,

cycle times would be extended due to the relatively slow speed of movement.

Also, under adverse weather and/or limited visibility conditions, maneuver

time while backing, particularly to position a container on a logistics

trailer, would undoubtedly introduce a delay factor into the operation.

Finally, the performance characteristics of the LACH (which may be opti-

mistic) have been extrapolated from operations such as SOLID SHIELD 79
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[Ref. 141, which tabulated a relatively small number of work cycles with

empty containers and did not entail extended, repetitive operations with

'! 5 fully loaded containers under simulated tactical conditions.

Technologies exist that could provide self-propelled straddle carriers

that have mobility and maneuver characteristics far superior to those of

[ .4the LACH. These are discussed in Chapter VI.

4. RTCH, 50,000 pound

The RTCH (Figure V-8) is a four-wheel drive, rubber-tired, diesel-

powered articulated-steer tractor capable of lifting, transporting, trans-

ferring, and stacking (two high) ISO containers with a gross weight of

50,000 pounds. Although the RTCH can handle ISO containers or shelters of

various lengths (20', 35', or 40'), of concern here is the 8'x8'x20' con-

tainer that is used for intertheater movement of ammunition. The RTCH is a

rough-terrain vehicle and will be the primary ammunition container handler

at container transfer points, marshaling yards, and container storage areas

*" wherever these facilities are established within the AOA.

Based on its essentiality relative to the efficient handling of large

containers in an AOA, the RTCH must be able to perform reliably and pre-

dictably under whatever conditions may be encountered. An issue that has

arisen concerns the true ability of the RTCH to operate with fully loaded

containers on unimproved surfaces. Two documented sources produce somewhat

conflicting findings:

. TRADOC Combined Arms Test Activity (TCATA) Test. The TCATA test
report, Container Related Materials Handling Equipment in Ammuni-
tion Companies (Ref. 151, found that "the RTCH...was able on all
surfaces to lift, move, and emplace a fully loaded container."
This test was conducted in a simulated field environment consist-
ing of both an improved ammunition container storage pad
(surfaced) and one that was unimproved (nonsurfaced dirt).

In the case of the unimproved pad, the test did find that
the RTCH became stuck after it had made repeated passes in the
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same path; it took a D-7 bulldozer one hour to repair the
damage. Also, the ruts made by the RTCH in multiple passes
created trafficability problems for the 4K RTFL, which would be
operating in the same area.

When the unimproved pad was configured with the containers
stored in a herringbone pattern, no rutting or trafficability
problems were encountered, since the RTCH could move and place
containers without repeated passes over the same ground.
(However, the report did not elaborate on the implication of this
technique, viz., that the herringbone pattern would accommodate
fewer than one-third of the number of containers that could be
stored in the same space using the standard configuration, i.e.,
side-to-side pattern.)

I..'

FIGURE V-S.
50,000-lb ROUGH-TERRAIN CONTAINER HANDLER (RTCH)

0 Naval Civil Engineering Laboratory Report. A recent NCEL report
* [Ref. 161 that addressed container marshaling (general cargo) in

a CSSA concluded that the RTCH is not an optimum container
handler for Marine Corps requirements." This report noted that
the RTCH can "produce severe pavement maintenance problems when
operating on paved surfaces not specifically designed for the
machine" and for multiple pass operations on unsurfaced areas
"would increase the engineer effort expended to upgrade soil
strength through either stabilization, surfacing, or placement of
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a structural fill." However, as noted also in the TCATA test,
the report does concede that RTCH "is relatively mobile on
unsurfaced soils for single-pass or low-traffic conditions."

The NCEL report also concluded that the DROTT 2500 (i.e.,
30-ton RTC, discussed below) is not an "optimum container
handler" either, primarily due to weight lifting limitations and
"inefficiency of operations" since it cannot move containers from
place to place. One of the principal recommendations of the NCEL
report is that "a marginal terrain straddle lift container
handler be selected as a container handler for use in a CSSA."

Notwithstanding the favorable TCATA test report, a spokesman for- MMCS

has indicated that MMCS does not want the RTCH assigned to its general

support (GS) ammunition units. The minutes of the Fall 1983 HELFAST

Ammunition Seminar [Ref. 17] includes the text of an MMCS briefing that

states: "It has long been recognized in the ammunition community that the

50K RTFL is not desirable for container handling within ammunition units

due to size, weight, and maneuverability requirements for equipment in

ammunition supply operations." The briefing concludes that "the 50K RTFL

is a large, cumbersome piece of equipment that does not adequately meet the

needs of containerized ammunition handling and cannot be effectively

utilized in this capacity" and recommends that "the RTCH not be issued to

ammunition units and expeditious action be taken to identify, test, and

procure a light, mobile container crane that will accommodate ammunition

requirements."

Conversations with personnel in the field, i.e., visits with members

of the 2d FSSG at Camp Lejeune [Ref. 181 and the U.S. Army 119th Container

Handling Company at Fort Eustis (Ref. 19], produced observations that "the

RTCH seems to be unstable (front-heavy) with fully loaded containers," that

"the RTCH has great difficulty operating in sand with full containers" and

that "there is a serious question concerning day-in/day-out continued oper-

ations of RTCHs on soft ground with heavy ammunition containers." Although

undocumented, these comments reflect concern at the working unit level, or

at least a perception that the RTCH may have serious shortcomings under

conditions such as those that may be encountered in an AOA. PFwever, it

should be noted that the RTCH is still a candidate container handler.
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Currently, it is the only militarized handler available to the Services.

It was declared the preferred means to transfer containers during the 1984

J-LOTS exercises.

The major issue concerns RTCH effectiveness on unimproved surfaces and

on sand with fully loaded ammunition containers. It appears that the RTCH

is operable under such conditions if usage patterns and container storage

configurations can be arranged in a manner that minimizes multiple passes

over the same ground. However, some operational efficiency may be sacri-

ficed by this condition.

The self-propelled straddle carriers, mentioned above under the LACH

and noted in the NCEL report, could provide mobility characteristics and

handling flexibility superior to that of the RTCH. These are discussed in

Chapter VI.

5. RTC, 30 Ton

The 30-ton RTC (Figure V-9) is a versatile piece of equipment that can

be used not only for container handling but also for surfline loading/

unloading operations, clamshell bucket operations, pile driving, bridge/

raft/prefabricated building/control tower erection, and various other

crane/winch/hydraulic applications. Due to low boom ratings at shallow

angles, the RTC can only handle empty or lightly loaded containers; thus,

its use for handling containerized ammunition would be extremely limited.

J8
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FIGURE V-9.
30-ton ROUGH-TERRAIN CRANE (RTC)

D. MOTOR TRANSPORT SUBSYSTEM

1. RHMWV, 5/4 Ton

The HMMWV, as indicated in Chapter III, is found at all levels of

MAGTFs; it, of course, was not intended to play a major role in ammunition

S resupply. However, should the PALCON be modified with inserts, as sug-

gested above, to accommodate bare rounds or tailored ammunition loads,

possible use of the HMMWV as an expedient ammunition transporter would

provide added flexibility to the resupply system.

2. HH1HTT, 5 Ton

. :. .The HHK4TT can be used to transport ammunition from Class V(W) ASPs to

using units, normally in the form of palletized unit loads. As indicated

in Chapter III, most of the HHMTTs are found in the motor transport support

elements of the MAGTF. The HHMTT is also the prime mover for the M198 in

the artillery regiment. As indicated earlier, the artillery regiment TE

includes 148 HHMTs and 1-1/2 ton trailers that are dedicated as ammunition

carriers, and the tank battalion has 24 HHMTTs that are primary ammunition

vehicles.
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The cargo bed of the HHMTT has drop sides, thus enabling it to easily

accommodate either small or intermediate FLS containers (e.g., QUADCONs or

PALCONs) as well as the current wooden ammunition pallets.

3. MK48-Front Power Unit (FPU)

The key component of the Marine Corps LVS, which is part of the FLS,

is the MK48-FPU (Figure V-10) that hauls a variety of RBUs tailored for

specific applications. The LVS design is such that all MK48/RBU

combinations will have an 8x8 power distribution, thus providing superior

off-road traction and mobility. Of interest here is the excellent

capability provided by the LVS to transport dimensionally standard ISO

ammunition containers and large quantities of breakbulk cargo under most

conditions encountered in a primitive AOA.

FIGURE V-1O.
LOGISTICS VEHICLE SYSTEM (LVS), MK 48

4. MK14 Container Hauler RBU

The MK14 container hauler (Figure V-11), powered by the MK48, is the

primary transporter of 8'x8'x20' containers, shelters, and other FLS

modules. It has a carqo hauling capacity of 22.5 tons on the highway and
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12.5 tons cross country. In addition, a second MK14 can be towed in tandem

behind a fully loaded 14K48/MK14 configuration, but with a reduced cargo

load.

FIGURE V-11.
LOGISTICS VEHICLE SYSTEM (LVS), MK 14

5. MK17 Dropside Cargo RBU

The MK17 dropside cargo RBU (Figure V-12), powered by the MK48, is

designed primarily for the resupply of ammunition in a combat service sup-

port role. It has a cargo capacity of 20 tons highway and 10 tons cross

country; also, the MK17 has an onboard crane with a lifting capacity of

9,000 pounds. The MK17 is eminently suitable for carrying ammunition pal-

lets or QUADCONS between ammunition storage/supply facilities or to using

units.
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MK 17 DROPSIOE CARGO WtCRANEr --.

FIGURE V-12.

LOGISTICS VEHICLE SYSTEM (LVS), MK 17

E. SUMMATION

The FLS components discussed above are considered to provide the

Marine Corps with the types of resources necessary to deal with and take

advantage of the containerization of ammunition in an AOA. This assessment

considers containerized ammunition from two levels:

" Wholesale - the ability to receive ammunition containers in
"wholesale format," i.e., 8'x8'x20' intermodal ISO containers,
and to control, handle, and transport these containers within an
AQA.

" • Retail - the ability to convert containerized ammunition from a
wholesale format to a "retail format," i.e., store and unstuff

the ISO containers, and issue ammunition to using units based on
resupply needs.

The above assessment, however, is made with several caveats:

0 Containers

-- Although the 8'x8'x20' ISO container is an approved, func-
tional means for unitizing large quantities of ammunition,
open flat rack containers (discussed in Chapter VI) offer
the potential of providing more efficient intermodal ship-
ment and better accessibility to contents within the AOA.
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The FLS small and intermediate containers seem to be better
suited for nonroutine than for routine ammunition resupply

~operations. However, the provision of specialized honeycomb

inserts for ammunition packing within PALCONs and QUADCONs
(commensurate with compatible ammunition packaging) would
permit full exploitation of these containers on a routine
basis on the retail level.

0 Materials Handling Equipment

-- The relatively low daily productivity and potential problems
regarding container access may make the 4K RTFL less desir-
able as an ammunition container "unstuffer" than other
available means.

The fact that the LACH ties up a medium tractor in order to

operate, has limited mobility, and has questionable produc-
tivity under realistic conditions makes it a less-than-
optimum piece of equipment for offloading containers across
the beach (especially if no other means are available).

-- The RTCH can be an effective and efficient container handler
on unimproved surfaces provided that usage patterns are

established to avoid repetitive passes along the same paths
and that less efficient container storage configurations are
acceptable.

0
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VI. TECHNOLOGY ASSESSMENT

A. GENERAL

In view of the observations in the preceding chapter concerning the

efficacy of various components of the FLS and the study guidance to "look

at state-of-the-art equipment," this chapter identifies and briefly des-

cribes specific items at various stages of development that might influence

or provide improved capabilities in implementing a containerized ammunition

concept in the AOA.

Succeeding paragraphs discuss each of the following items, in turn, in

the broad categories of containers and MHE:

* Containers

-- Flat racks
-- Unit load containerS-- U.S. Army ammunition packaging initiatives
-- Container identification and control

" Materials handling equipment

-- Straddle carriers
-- Self-loading container haulers
-- Shooting boom forklift truck

-- Slip sheets.

B. CONTAINERS

1. Flat Racks (Projects Easy ISO/Commando Rack)

The U.S. Air Force, principally Headquarters, Pacific Air Forces

(PACAF), has been involved in testing and evaluating various concepts for

air munitions containerization for over 10 years. These efforts have cul-

minated in the establishment of projects Easy ISO and Commando Rack

(Ref. 20].
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a. Project Description

The purpose of Easy ISO was to validate the use of intermodal flat

racks, of the sizes shown in Figure VI-1, as air munition transport units.

Commando Rack is a PACAF project to test various air munitions loads for

feasibility throughout the supply cycle, i.e., placing munitions on the

racks at plants/depots/ports, loading racks on oceangoing vessels, offload-

ing vessels, handling loads in theater, and. removing munitions from the

racks. Planning is under way to conduct a comparison test between flat

racks and enclosed containers in Europe in the summer of 1984, usinq 25 of

each.

I@
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FIGURE VI-1. PROJECTS EASY ISO/COMMANDO RACK
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The sizes of the flat racks shown are those that are commercially

available and are compatible with the configurations of the variety of air

munition loads required. Two-inch steel straps and 2'x4' and 2'x6' lumber

. are used to make up the restraint system. Rails and posts also are used

but are not required as a structural part of the restraint system. A

feature of the flat rack is the ability to fold down the ends to reduce the

cube for retrograde movement. When stacked empty in this manner, an

8'x8'x20' flat rack has a five-to-one cube advantage over an enclosed

4container.

b. Flat Rack Stowage on Containerships

The potential advantage of flat racks for containership stowage is

illustrated in Table VI-1. The table (derived from Reference 21) shows, as

a base case, 300 ISO containers, 8'x8'x20', each with a payload of 16 tons.

The total available vertical height of hold space is assumed to be 2,400

feet. However, since for many cases ammunition will weigh out before it

cubes out, there will be inefficiencies in use of the available space.

TABLE VI-1. CONTAINER/FLAT RACK COMPARISON

-.q Payload Percent

Height Number (Short tons) Increase

ISO container 8' 300 4,800 -

Flat rack mix options

A 8' 200
5'8 141 5,456 14

B 8' 150
. i 5'8" 75 6,016 25

4' 151

C 8' 100
5'8" 141 7,056 47
4' 200

*Containers and flat racks will have a base of V'x20'.
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Options A, B, and C portray mixes of flat rackqt -.-q q. r

each with a 16-ton load tailored to maximize the ava:iAt o. FA -?.

option occupies the sam~e 2,400-foot total vertical hewiho.

The increase in payload per ship can also be expressed in terim of

savings in number of ships required. Thus, a convoy of 10 ships for the

base case would be equivalent to the following number of shiploads for the

three options indicated:

* Option A: 8.75 shiploads
* Option B: 8 shiploads
0 Option C: 6.67 shiploads.

C. Project Commando Rack Test Results

In tests completed by the 400th Munitions Mainenance Squadron, PACAF,

the Air Force has desioned packing configurations (to include manhour labor

estimates and bills of materials) for loading and bracing a variety of air

munitions on flat racks havinq end walls of varying heights [Refs. 22 and

23). In many cases, e.g. for the MK84 general purpose bomb, for cluster

bomb units in a variety of shipping containers, and for the AIM-9 missile

in the CNU-310/E container, current procedures provide only for breakbulk

shipping for intertheater movements. Unitizing these munitions on flat

racks has been found to offer significant potential advantages in increased

throughput and decreased handling and shipping costs.

With the assistance of DACS, the Air Force already has obtained cer- .

tification of the flat rack for shipment of 30-mm rockets from the AAR and

the U.S. Coast Guard (USCG). Shipping configurations using the 5'8" high

rack have been developed for the MK82 500-pound bomb with either the MAU93

or MK15 fin and for other munitions as well. As an example of improved

efficiency, 18 Rockeye cluster bombs can be shipped on a flat rack versus

only 12 in an enclosed 8'x8'x20' container.
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d. Flat Rack Advantages/Disadvantages

As indicated above, the potential advantages of flat racks overall are

numerous. Some of the more prominent ones identified by the Air Force

(Ref. 20] that are germane to this study include:

0 Accessibility. Either lateral or vertical access is readily
achievable by forklift or crane. Flat racks are equally accessi-
ble in transit or at storage areas.

0 Ease of loading/unloading. Openness of the munitions load area
allows for adjustments with minimal constraints.

* Specialized MHE not required. The need for special handling
equipment is minimized due to open access to munitions loads.

0 Greater cube use. Flat racks allow container selection of vary-
ing heights, thereby permitting more efficient use of space.

0 Increased vessel capacity/capability. Better cube use and con-
'' "tainer height selection make additional container space available
4 on each ship; flat racks are stackable.

* Packaging flexibility. More varied load packages can be used
with flat racks. (Elongated missile containers are now viable
candidates.)

* Ease of retrograde. Collapsible flat racks minimize the burden
of returning them empty to points of origin.

* All-service adaptability. Each service has munitions of the den-
sity to make flat rack use an asset.

* Timely implementation possible. Flat racks could be readily

available and require no new or elaborate equipment.

On the other side of the coin, however, the advantages noted relative

to open access to munitions loads could become disadvantages, if security
and environmental protection are of major concern. This is especially true

if intermodal containers are to be used for extended periods for field

storage. However, open flat racks are not much different from curren

procedures for open storage of breakbulk ammunition. -hould some type of

cover or protection be desired for flat racks, several alternatives are

feasible: high-strength stretch wrap could he applied at the ;ource as

protective covering and/or to secure munitions loads to pallets; tarpaulin

%. or other types of covering could be used enroute or in storage on an exped-

ient basis; or a lightweight, readily detachable upper body unit (similar

to that which comes as part of the MGB container, described in Chapter V)

could be designed as part of the flat rack system.
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Within an AOA, the use of flat racks would greatly facilitate both the

wholesale and retail aspects of dealing with containerized ammunition:

" A flat rack can be emptied of its contents by any forklift or
crane, or combination, that has the capacity to lift individual
loads; this is true whether the flat rack is up on a container
hauler (i.e., 14K14), on the ground, or stacked in a storage area.
A key aspect of this flexibility is that the need for container
handlers (i.e., RTCHs) could be reduced or even eliminated at
specific locations, depending on workload and equipment
allocations.

" The flat rack can be used efficiently for multiple ammunition
pallet unitization (configured loads) for onward movement by
motor transport or helicopter to using units.

* Likewise, the openness of the flat rack would facilitate effi-
cient "downloading* (i.e., rapid removal of some of the contents)
in the beach area should onward movement of container haulers be
restricted to cross-country travel (no improved roads available). j

" Once the flat racks have been emptied and are to be stored until
retrograde begins, only one-fifth of the storage space required
for empty standard ISO containers would be necessary. Likewise,
during retrograde, the requirements for container handling equip-
ment and motor transport would be commensurately less as well.

2. British Unit Load Container

The UK has developed a versatile ammunition container, the ULC, which

*is sealable to give maximum protection to unit quantities of ammunition--

both in storage and in transit (Figure VI-2). This container is made of

steel and has been designed to conform to applicable NATO tolerances and

standards. Approximate exterior dimensions are 54" high x 42.5" wide x 51"

long, and the empty weight is 300 kg, or about 660 pounds. The ULC is

designed for a maximum payload of 1,000 kg, or 2,200 pounds. According to

the manufacturer, the unit price is on the order of $850 (about half the

cost of the PALCON). The manufacturer also advises that the ULC can be

made to whatever size a customer desires; the configuration described here

* is that fielded by the British Army and being tested by Canada and

Australia.

An especially attractive feature of the ULC is the ability to accommo-

date a variety of honeycomb inserts tailored for specific types of ammuni-

tion, as illustrated in cross-section in Figure VI-3. These inserts are
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81-mm MORTAR 105-mm AMMUNITION
106 ROUNDS (DOUBLE STACKED) 33 ROUNDS

1K-mm AMMUNITION TOW MISSILES
IS ROUNDS 8 WEAPONS

FIGURE VI-3.
UNIT LOAD CONTAINER INSERTS

detachable, if desired, and are made of lightweight sheet steel. The out-

side dimensions of the inserts shown are about 41" high x 38.5" wide x 44K

long; internally the honeycomb pattern can be modified to accommodate other

items as well, such as rifles, radio equipment, or other sensitive cargo.

The removable door provides a hermetic seal when closed and permits ready

access to all contents when removed.

The tubular steel frame is intended to provide for easy handling and

maximum protection during transit. The frame has built-in sling points for

easy lifting by crane or helicopter. it also has stacking lugs that permit

two-high stacking for safe lifting and movement by RTFLs and rigid four-

* high stacking for field storage.

VI -8



The UK concept envisions packing the ULC at the munitions plant and

using it as the principal shipping/storage container throughout the entire

logistical network to the battlefield user. The forward area benefits of

the ULC are the delivery of bare rounds to the user, thus enabling faster

rearming of combat systems (for example, over three times faster per round

for replenishing the stowed ammunition load in a tank), and elimination of

the battlefield debris caused by unpacking munitions from fiber canisters

and wooden boxes/pallets. The AITF report [Ref. 23] found that the unpack-

ing of 100 105-mm tank rounds generated about one ton of debris occupying a

volume of some 200 cubic feet.

A major consideration, however, is the how and where at which the ULCs

are to be packed, retrograded, and repacked. For the midrange time frame

A it would appear that packing at ammunition plants would not be possible,

unless the U.S. Army in its "lead service" role [Ref.13] designated the ULC

(or equivalent) as a standard unitization module for containerization of

selected items. Options, controllable by the Marine Corps, include: (1)

reconfiguring ammunition loads into ULCs at CONUS bases or ports so that

ULCs could be deployed with operating forces in the form of basic

allowances, LFORM, and/or mount-out stocks, (2) reconfiguring PWRMS in

overseas Naval magazines into ULCs for movement into the AOA, or (3) recon-

figuring palletized ammunition into ULCs in ammunition storage areas or

ASPs within the AOA for issue to using units. All of these options would

result in additional costs and workloads for the Marine Corps. The third

option would entail changes and additional workloads in current

procedures/operations for ammunition resupply in an AOA (as discussed in

the previous chapter relative to PALCONs/QUADCONs). Additional significant

logistics would result from a requirement to retrograde ULCs for re-use,

and some detailed analysis would be needed to determine whether the ULCs

should be handled as re-usable or disposable assets.
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3. U.S. Army Ammunition Packaging Initiatives

Recent Army initiatives, as outlined in its recent Action Plan for Am-

munition Packaging [Ref. 24], are worthy of mention because of the poten-

tial impact on Marine Corps operations. The specific goals of these new

initiatives are:

* 25 to 40 percent reduction in packaging cube per round
* 20 to 30 percent reduction in packaging weight per round
* Reduction of battlefield debris and signature
* Safer storage of high explosives and propellants
* Ease of decontamination
0 Easy access to ammunition
* Protection from biodeterioration and corrosion.

Two of the current, directed actions in this program involve 155-mm

artillery ammunition [Ref. 25]:

0 Lightweight Propelling Charge Container. The current heavy metal
containers currently used to ship and store the various types of
propelling charges are such that the containers themselves com-
prise anywhere from 46 to 83 percent of the total shipping
weight. The proposed solution (Figure V-4) envisions lightweight
plastic or metal specially molded containers that can be arrayed
in a 5 by 6 configuration on a 40"x48" (approximate) pallet. The
payoffs will be a 20 percent cube reduction, a 30 percent weight
reduction, increased numbers of propelling charges per pallet,
and significant savings in transportation costs (all modes). The
projected fielding date is FY 87.

0 Ready Rack, 155-mm Projectile. The 155-mm ready rack, made of
lightweight plastic or metal, would replace the current wooden
pallet (see Figure VI-5). Among the major advantages of the
ready rack will be individual round accessibility, nuclear, bio-
logical, and chemical (NBC) protection, safe transport of fuzed
rounds at battery level, compatibility with resupply vehicles,
and convenient nesting of multiple racks when removed from pal-
lets. The projected fielding date for this item is also FY 87.

Also included in the 40 or so R&D projects in this program is the pro-

* vision of a lightweight plastic or metal container for the 120-mm tank

round. The goal is to provide better accessibility, as well as the weight/

cube reductions that are the principal goals of the program. This item is

projected for fielding in FY 90.
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"READY RACK"

CURRENT PALLET
"READY RACK"

CONNECTOR (31

a COVER ASSEMBLY '0

A FAMILY PROJECTILES
(FUZED OR LIFTING PLUG)

STRAPPING (3 REMOVABLE PALLET BASE

(4WAY FORKLIFT)
BASE ASSEMBLY

REMOVABLE NBCIFUZE
PROTECTIVE COVER

FIGURE VI-5. IMPROVED 155MM PROJECTILE PALLETIZATION

0

A major thrust of these Army initiatives is to package ammunition so

that it can move through the resupply network as far forward as possible in

the original package/container. The implication of this trend is that

operations in the future in overseas theaters (and AOAs) will become more

efficient and more amenable to containerization/unitization. However, the

reality is that across-the-board impacts won't be felt for a long time.

For most of the midrange period, based on continued production and world-

wide storage of thousands of tons of conventional ammunition packaged in

fiber canisters and wooden boxes (i.e., as it exists today), the situation

will not be significantly different.
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4. Container Identification and Control

The issue of cargo monitoring (to include container identification and

control) enroute to and within an AOA and the status of various systems

that have been developed, or are under development by the military services

and industry, are very thoroughly covered in two recent reports prepared

for the Marine Corps by Northrop Services, Inc. [Refs. 26 and 27]. The

first report provides an evaluation of a number of identification/monitor-

ing systems from the point of view of potential applicability to supporting

the AFOE of a MAF; the second recommends remedial courses of action to cor-

rect perceived problems. The intent of these efforts was to focus on those

systems that have the capability of providing a Marine Automated Cargo

Throughput Documentation System (MACTDS), i.e., an automated tracking sys-

tem that identifies a container and cargo contents from point of origin

through offloading and distribution within an AOA.

Cargo monitoring encompasses two separate but interrelated functions:

first, traffic management of the containers; and second, supply inventory

management of the containers and their contents. The first function is

fulfilled by assigning identification numbers to the containers so that

they can be tracked and/or directed to their destinations in the AOA where

they will eventually be unstuffed. The second function entails provision

of a listing that identifies (usually by National Stock Number (NSN)/DODIC)

each item in each container and the quantity. Since, as indicated previ-

ously, for Class V there will be a relatively small number of items per

[ . container, the supply inventory management function should be much less

complex than it would be for those classes of supply with many different

items of varying quantities in a container.

The Northrop analysis examined the problem from two viewpoints--a

* cargo monitoring system that is normally automated and can also function

effectively in a manual backup mode and a full up computer supported

MACTDS. In the latter case, it was found that any of four deployable com-

puter systems (two Marine Corps and two Army) can do the job, but the

"Marine Corps ADPE-FMF 'green machine' (was) recommended as the first

choice...if the MPS and JLOTS II Phase III test results are favorable."
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However, the bottom line of the Northrop report is that detailed system

requirements still need to be defined and that a required operational capa-

bility (ROC) for the MACTDS should be prepared before meaningful tradeoff

analyses and full-scale development can begin.

However, from the viewpoint of a dual manual/automated system, the

Northrop report identifies three compatible systems that would appear to be

eminently suitable for monitoring containerized ammunition in an AOA--two

manual and one automated:

. Color Code Cargo Identification System. The simplest manual
system would be use of different colors representing each class
of supply displayed on a readily visible location on the con-
tainer, e.g., yellow for Class V. Further distinction could be
made by using shapes for additional subclassification, e.g., a
yellow circle for Class V(W) and a yellow triangle for Class
V(A).

. Numerical Code Cargo Identification System. Under Military
Standard Transportation and Movement Procedures (MILSTAMP), a
transportation control number (TCN) is used to identify all ship-
ping units, or containers. The TCN is a 17 digit number that
includes identification of shipping activity, date, shipment
code, and serial number. The last three digits are not normally
used for substantive information and could be used to provide
additional information on container contents. (implementation of
this technique for improved container monitoring, however, would
require approval of a modification to MILSTAMP.) For example,
5WC could be used to designate Class V(W), storage category C,
and 5AD could be used to designate Class V(A), storage category
D. If the TCN inscription on the container is too small to be
read from a distance, the last three digits could be stenciled in
large characters so that they could be seen readily.

" Logistics Application Automated Marking and Reading Symbology
(LOGMARS). The LOGMARS system consists of:

A bar code label affixed to the container or item to be
identified

A portable scanning device that reads the bar code and
records the reading in a small, portable microprocessor

A communication/conversion unit that transmits the micro-
processor output to a host computer

The host computer itself, which provides a usable readout of
logistics information to the operator.

The LOG4ARS equipment is compatible with the ADPE "green
machine." The Marine Corps and other services are already using
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bar codes to identify, track, and inventory numerous items, in-
cluding ammunition pallets. Also, the modified TCN manual system
is readily adaptable to the LC(XMARS bar code system. LOGMARS is
scheduled for evaluation and test in MPS offload and Joint
Logistics Over the Shore (JLOTS) II Phase III tests this year.

A combination of all three of these systems would probably be the

optimum choice for application across-the-board to all classes of supply

coming into an AOA. For ammunition, based on the relatively easier supply

management problem for Class V, a combination of the two manual systems

(color and modified TCN coding) could provide sufficient identification

means in an AOA for proper, rapid routing of containerized cargo from dis-

charge points to ammunition storage areas. In this case, a detailed paper

copy list of container contents could be affixed to the interior or exte-

rior of the container for the use of ammunition personnel in warehousing

and other supply management functions at the storage location.

The major point is that in the midrange time period, container control

measures will be (or can be) in existence, either manual or automated or a

combination, that will facilitate the handling, movement, and storage of

containerized ammunition.

C. MATERIALS HANDLING EQUIPMENT

1. Straddle Carriers

High-mobility straddle lift devices are currently in the Marine Corps

* exploratory development program. For example, Standard Manufacturing

Company, Inc., has proposed (but not adequately tested) a wishbone con-

tainer transport system, illustrated in Figure VI-6 picking up and trans-

porting an 8'x8'x20' (or 8.5'x8'x20') container to the beach. It could

'I have a payload capacity is 50-60,000 pounds; its maximum speed is 45 mph

unloaded or 25 mph with full load. The wishbone carrier has a unique

"trailing arm drive" undercarriage that provides excellent rough-terrain

mobility as well as having the essential characteristics required of high-

way vehicles. According to the manufacturer, the design of the suspension

system is such that excessive rutting will not occur from multiple passes
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along the same track on unimproved surfaces. Tn this regard, the wishbone

carrier is more than a transport vehicle. It can load and unload container

haulers (e.g., MK14) and stack containers two-high on the ground, i.e.,

perform all necessary tasks required of a container handler in a CSSA am-

munition storage/issue complex. This item is in the early stages of the

development process and therefore its potential with regard to efficiency

and productivity has not been determined.

.

FIGURE Vt-6.
WISHBONE CONTAINER TRANSPORT SYSTEM

The NCEL report [Ref 11], as noted in the discussion relative to the

RTCH in Chapter V, recommended that a marginal terrain straddle lift con-

tainer handler (or simply straddle carrier) be selected as the container

handler in a CSSA. Such straddle carriers can be either wheeled (as in the

case of the wishbone container handler) or tracked. It would appear that

the wheeled type (with high flotation tires) would be preferred due to less

wear and tear on working surfaces, a greater speed capability, and less

maintenance requirements.V
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2. Self-Loading/Unloading

. This term refers to a concept for a container transporter that can

load and offload the containers without additional MHE. For example, the

UK (Hearncrest Boughton Engineering, Ltd.) has developed the Demountable

Rack Offloading and Pickup System (DROPS), which uses a hydraulically

operated arm and roller system to pick up and drop containers of other

loads (Figure VI-7). This illustration shows three possible types of loads

that can be handled this way. The hydraulic arm also can be used as a

crane. Depending on the size and type of the truck chassis, which could be

any com.nercial or military model, payloads could vary from 6 to 40 tons.

A

PRIME MOVER CAPABLE OF HYDRAULICALLY LOADING OR UNLOADING
®TRUCK BED

® VEHICLE ON PLATFORM

(1) ISO CONTAINER OR FLAT RACK

FIGURE VI-7.
DEMOUNTABLE RACK OFFLOADING AND PICKUP SYSTEM

The Army has adapted the DROPS concept into the palletized load system

(PLS), which has been evaluated at Fort Lewis by the 9th Infantry Division

and was recently demonstrated at Fort Eustis as part of PROLOG 84, which

was a display of current and future Army combat service support hardware

developments. The PLS includes a companion trailer, which is also loaded
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and unloaded by the hydraulic arm; the total payload of the truck and

trailer combination for the initially fielded system will be 30 tons, or 15

tons each. The U.S. Army Transportation School estimates that this payload

(which is governed by the design of the flat rack) is sufficient for most

classes of supply, including many ammunition items. (However, far-term

concepts being developed by the U.S. Army Missile and Munitions Center and

School (MMCS) for ammunition supply and distribution envision the PLS such

that each pallet-mounted ISO container will hold a "magazine insert"

designed for bare rounds and other munitions items with minimal packaging;

the payload of such a container will be on the order of 20 tons, for a 40

ton total for the truck-trailer system.) The operational capability date

for the initial PLS is scheduled to be about FY 87.

A self-loading container hauler could be especially useful in an AOA

in the role of transporting ISO containers or flat racks to and from Class

V(W) field ammunition dumps or any location where container handling equip-

ment is not available.

3. Shooting Boom Forklift Truck

Figure VI-8 illustrates the principle of operation of the shooting- U
boom forklift truck, which provides great flexibility for container un-

stuffing. Its primary advantage over the 4K RTFL is that the machine does

not have to enter the container to extract the contents. Also, the

shooting boom can perform equally well whether the container is on the

ground, on an elevated platform, or on a chassis. The boom can swing as

much as 50 degrees to either side; thus, the machine can extract a load

from a container and place it on the ground without moving from its spot.

Under optimum conditions, average cycle time for picking up a load,

extracting it, and putting it down has been observed to be about 1 minute

(therefore, 12 minutes for a container with 12 pallets in it, or 4.7 con-

tainers per hour assuming 1 minute travel time from one container to

another). A more conservative (and realistic) estimate would give the

shooting-boom forklift truck about a two-to-one or three-to-one advantaqe
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20r Container on Ground

FIGURE VI-8.
SHOOTING BOOM FORKLIFT TRUCK

These machines are available commercially and, depending on the size

desired, can be procured relatively quickly. The Army has decided to

replace its current fleet of aging 6K RTFLs with the same capacity machine

with a boom that can be extended to 30 feet; the current schedule is to

award a contract in September 1984 and begin accepting delivery of the 6K

shooting boom forklifts in July 1986. The Marine Corps is staffing a ROC

for a 15K "extensible boom" forklift and, with advanced development to

begin shortly, projects an initial operational capability (IOC) in FY 87.

Should the Marine Corps decide to join the Army in replacing its 6K

RTFLs with the shooting-boom version, it will have a superb capability with

both 6K and 15K machines for efficiently handling various palletized/

containerized ammunition loads in an AOA.

4. Slip Sheet Ammunition Handling System

The slip sheet can be used to extract an entire load of ammunition,

weighing up to 20 tons, from cargo containers as a unit load, thereby

allowing easy access to the palletized loads by MHE. The slip sheet system

consists of a polyethylene sheet, which is placed on the floor of the cargo

container prior to ammunition being stuffed, and a clamping device that is

used to extract the sheet with its load from the container. Various
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consists of a polyethylene sheet, which is placed on the floor of the cargo

container prior to ammunition being stuffed, and a clamping device that is

used to extract the sheet with its load from the container. Various

methods can be used to extract the container contents; the truck winch-to-

trailer technique in Figure VI-9 is shown for illustrative purposes only.

In an AOA, loads would most likely be extracted directly onto the ground by

drawing out the slip sheet by whatever means are available.

FIGURE VI-9.
SLIP SHEET AMMUNITION HANDLING SYSTEM

Using this technique for extracting container loads could eliminate

reliance on the 4K RTFL as the only means for unstuffing containers and

could better than double the productivity cited earlier for the 4K RTFL for

container unstuffing. Slip sheets currently are undergoing engineering

tests at the Belvoir R&D Center and the DACS; the next step would be
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military potential tests in CONUS and OCONUS. However, a projected IOC

date for the routine use of slip sheets in ammunition containers is not

available at this time.

D. SUMMATION

The foregoing discussion has briefly highlighted selected existing or

developmental items that can play a key role in the receipt, handling,

movement, and storage of containerized ammunition in an AOA.

1. Containers

* Flat Racks

Open flat rack containers merit serious consideration for
the intertheater and intratheater shipment of containerized
ammunition.

The extensive testing and other data on flat racks gathered
by the Air Force provide an opportunity to speed up Marine
Corps evaluation of their applicability to the support ofMAGTFs in an AOA.

0 British Unit Load Container

The ULC concept of standardizing exterior container size and
tailoring ammunition loads to fit interior space seems to be
ideally suited to the support and operations of MAGTFs,
particularly in more efficient retail resupply activities
within an AOA.

-- The operational experience and manufacturing expertise as-
sembled by the UK provide a ready source of information on
how the ULC might be applied, or modified, to be suitable
for Marine Corps use.

0 U.S. Army Packaging Initiatives

Current Army programs to reduce the weight and cube of ammu-
nition packaging/containerization will provide for more ef-
ficiency in the handling, movement, and storage of ammuni-
tion at both the wholesale and retail level.

These initiatives will begin to be implemented in the mid-
range time frame, but the outlook in this period for most
items is that the Marine Corps will still be dealing with
wholesale ammunition packaging and palletized unit loads as
currently configured.
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0 Container Identification and Control
Technologies and techniques exist that will permit the
implementation of container identification and control
measures commensurate with the requirements for traffic and
supply inventory management of containerized ammunition.

2. Materials Handling Equipment

0 Straddle Carriers

Straddle carriers could perform a variety of tasks in an AOA
that currently require different pieces of equipment (shown
in parentheses) vis: offloading containers from beached
landing craft (LACH); transporting ISO containers on the
highway or cross-country (MK48/MK14); and offloading,
handling, and transporting containers in marshaling yards
and storage areas (RTCH).

Use of a straddle carrier would permit much more efficient
storage (side-by-side pattern with less space between con- li.o
tainers) in containerized ammunition storage areas.

* Self-Loading Container Haulers

Use of the self-loading container haulers permit loading,
offloading, and movement of large ammunition containers to
and from any location in the AOA without requiring
specialized container lifting and handling equipment.

* Shooting-boom Forklift

The shooting-boom forklift provides a capability for un-
stuffing enclosed containers that is superior by far to any
other known machine designed to do the same thing.

Apart from unstuffing containers, the unique design of the
shooting boom forklift should also give it an edge in prod-
uctivity in any task now being performed by conventional
RTFLs.

" Slip Sheet Ammunition Handling System

-- Use of slip sheets in ammunition containers would provide
flexibility in the use of expedient means to unstuff the
containers in an AOA, but when slip sheets will be routinely
used for this purpose is indeterminate at this time.
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VII. CONCEPT DEVELOPMENT ANALYSIS

A. NARROWING THE ALTERNATIVES

The objective of this chapter is to provide an analytic basis for the

development of a concept for handling containerized ammunition using FLS

equipments. Concepts utilizing other items of equipment discussed in the

previous chapter are not explored.

The concept for handling containerized ammunition must be compatible

both with Marine Corps methods for handling palletized ammunition and with

Marine Corps methods for handling other classes of supply. Methods for

handling palletized ammunition are well established as are general concepts

for operating at the beach and in the Combat Service Support Area (CSSA).

0The Marine Corps has yet to establish a doctrine for controlling and han-
dling ISO containers.

The resupply network for breakbulk ammunition (Figure VII-1) has the

following successive nodes:

* Beach Transfer Point (BTP) - the point where materiel is deliverd
to the beach.

* Beach Support Area (BSA) - an area at or near the beach for di-
recting and expediting the movement of materiel inland.

* Ammunition Supply Point (ASP) - a site where ammunition is stored
and controlled for further distribution to using units or muni-
tion dumps.

" Munition dump - an assembly, storage, and distribution site
between using units and ASPs.

* Using units - the aviation or ground units that consume munitions
and require resupply.
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FIGURE VII-1.
CONCEPTUAL AMMUNITION NETWORK

Although the marine corps has yet to develop a doctrine for handling

containers, the U.S. Army has published FM 54-11, Container Movement and

Handling in the Theater of operations. This document calls for a central-

ized management and control activity to track the status and location of

all container assets in the theater. FM 54-11 stresses a policy that

encourages the use of containers for transportation but discourages their

use for storage. Containers should be used to expedite shipment inland,

but once a container reaches its destination, it should be unstuffed as

soon as possible and returned to the transportation system for reuse. FM

54-11 reflects DoD policy which is also applicable to the Marine Corps.

Ammunition will be delivered to the BTP in both breakbulk form and in

ISO containers. Breakbulk ammunition is on metal or wooden pallets; am-

munition in containers is also on pallets. Whether delivered to the beach

in breakbulk or containers, ammunition will be delivered to using units on

pallets.

The major remaining issues are how far forward i~n the ammunition re-

supply network ISO containers should be carried and how much equipment is

required. The alternative locations for terminating the flow of containers

are:
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. The beach
0 ASPS
0 Forward ammunition or bomb dumps
t Using units.

The following sections address the question of which of these loca-

tions is best for unstuffing containers in order to meet required

ammunition resupply rates, while minimizing requirements for FLS equipment

items. The approach uses the adjusted daily production estimates for

typical operations described in Appendix E to develop a requirement factor

for each item of equipment at each node as applicable to each unstuffing

alternative. The requirement factor is the equipment requirement per CEU

of required throughput per day and does not include allowances for lack of

availability due to mechanical failure or hostile action.

B. BEACH VERSUS ASP UNSTUFFING

Considerable amounts of space and equipment are required for unstuff-

ing large numbers of ammunition containers and issuing the contents in

breakbulk form. Since space is at a premium in the vicinity of the BTP, it

is probably not practical to conduct unstuffing operations at the beach.

The following example uses the equipment productivity factors presented in

Appendix E to illustrate that less equipment is required to unstuff at an

ASP than at the beach.

Consider a steady state case where all ammunition is issued to using

units in breakbulk form from a single ASP located D miles inland from the

beach. Further, a,,sume X cpd of containerized ammunition are delivered to

the beach in ISO containers in landing craft and, as these containers are

offloaded, an equal number of empty containers must be loaded back on the

landing craft for retrograde.

LACH Requirements

For the case where containers are unstuffed at the beach, the LACH

would be used to transfer containers between landing craft and a point on

the beach where a RTCH could move them to and from the unstuffing site. If
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containers are unstuffed at an ASP, then the LACH would be used to transfer

containers between landing craft and transporters. These are comparable

tasks for the LACH. A reasonable productivity factor for the LACH

(Appendix E) is 120 such transfers per day. If the requirement is to bring

in X cpd and retrograde X cpd, then the required number of LACHs is 2X/120

or .017X. Thus, the requirement factor for the LACH is .017.

RTCH Requirements

For the beach unstuffing case where containers are delivered to the

beach in landing craft, the RTCH would be required to move containers from

the point where they are dropped on the beach by a LACH to a temporary
storage location, then to an unstuffing location, then to a temporary

storage location for empty containers, and finally back to a location where

a LACH can pick them up for retrograde. These same steps would be required

at the ASP for the ASP unstuffing case, except the cycle would begin and

end with containers on a transporter instead of on the ground. Assuming

similar typical layouts at each location, RTCH requirements can be

calculated as shown in Table VII-1. t

TABLE VII-1. RTCH REQUIREMENTS FOR COMMON OPERATIONS

RTCH Requirement

Productivity Factor

Move full container to storage 91 cpd .011

Retrieve full containers from
storage for unstuffing 91 cpd .011

Move empty container to storage 103 cpd .010

Retrieve empty container from
storage for retrograde 103 cpd .010

.042

4K RTFL Requirements

For beach unstuffing, 4K RTFLs are required both at the beach and at

the ASP. If containers are unstuffed at the ASP, however, 4K RTFLS are re-

quired only at the ASP. Forklift requirements for these two cases are

shown in Table VII-2.
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TABLE VII-2. COMPARISON OF 4K ROUGH TERRAIN FORKLIFT REQUIREMENTS
FOR EACHAND ASP UNSTUFFING,

4K RTFL Requirement
Productivity Factor

Beach Unstuffing

At the beach:

Unstuff containers 23 cpd .043
Move pallets to loading point 15 cpd .067
Load trucks 26 cpd .038

.148

At the ASP:

Offload trucks 26 cpd .038
Move pallets to storage 15 cpd .067
Retrieve pallets from storage 15 cpd .067
Load trucks 26 cpd .038

.210

ASP Unstuffing

4K RTFL Requirement
Productivity Factor

Unstuff containers 23 cpd .043
Move pallets to storage 15 cpd .067
Retrieve pallets from storage 15 cpd .067
Load trucks 26 cpd .038

.215

4"' MK48/MK14 Requirements

Transporter requirements depend on the travel time between the ASP and

the dump as vell as the required throughput of ammunition. Table E-2

(Appendix E) shows unit productivity factors (CEUs per day) for one way

travel times ranging from 5 to 60 minutes. Table VII-3 shows the corres-

ponding MK48/MK14 requirement factors.
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TABLE VII-3. MK4e/MK14 REQUIRE4ENT FACTORS

One-Way Palletized Palletized
Travel Time Container Loading With Loading With

(minutes) Shipping One 4K RTFL Two 4K RTFLs

5 0.048 0.127 0.069
10 0.061 0.138 0.081
15 0.073 0.150 0.092
20 0.086 0.161 0.104
25 0.099 0.173 0.115
30 0.111 0.184 0.127
35 0.124 0.196 0.138
40 0.137 0.207 0.150
45 0.149 0.219 0.161
50 0.162 0.230 0.173
55 0.175 0.242 0.184
60 0.187 0.253 0.196

Consider an example where the distance from the BTP to the ASP is 2.5

miles and the MK48/MK14 can average 15 MPH, then the one-way travel time is

10 minutes. A throughput of 100 CELs per day would require:

6.1 MK48/MK14s if ammunition were shipped in containers

13.8 MK48/MK14s if ammunition were shipped on pallets using
one 4K RTFL at a time for loading and off loading

8.1 MK48/MK14s if ammunition were shipped on pallets using
two 4K RTFLs at a time for loading and offloading

Summary Example

Table VII-4 shows a comparison of equipment requirements for a steady-

state throughput of 100 cpd through a single ASP.

TABLE VII-4. EQUIPMENT REQUIREMENTS COMPARISON

Beach ASP

Unstuffing Unstuffing

LACH 1.7 1.7
RTCH 4.2 4.2
4K RTFL 35.8 21.5
MK48/MK14

(10 min travel time) 8.1 6.1
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This comparison indicates substantial equipment savings in 4K RTFL and

.K48/MK 4 requirements for unstuffing containers at the ASP instead of the

beach. This assumes LACHs are required to handle containers at the beach.

If some or all of the containers come ashore on transporters over an ELCAS,

then the efficiency argument for unstuffing at the ASP is even stronger,

since offloading the transporter on the beach to unstuff and reload its

contents on a transporter for shipment to the ASP just adds another step to

the process.

C* ASP VERSUS MUNITION DUMP UNSTUFFING (CONTAINERS GROUNDED AT ASP)

A munition dump could be a bomb dump located at or near an airfield or

a field ammunition dump for Class V(W). Munitions could be delivered to

the dump in containers or on pallets, but would be issued to using units in

breakbulk form. Containers could be shipped directly from the BTP to the

dump as examined in the next section. The analysis in this section ad-

dresses equipment requirements to deliver breakbulk ammunition at the dump,

assuming that full and and empty containers are grounded and stored at the

ASP en route to and from the munition dump. Since equipment requirements

are proportional to the required throughput of the dump, the following ana-

lysis expresses the requirements as a factor. This requirement factor

multiplied by the CEUs of throughput at the dump (and rounded to the next

higher integer) gives the required number of equipment items.

RTCR Requirements

For ASP unstuffing, the RTCH is required only at the ASP. The

requirements at the ASP are the same as those shown in Table VII-1.

For dump unstuffing, however, the RTCH is required at both the ASP and

the dump. These requirements are shown in Table VII-5.
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TABLE VII-5. RTCH REQUIREMENTS FOR DUMP UNSTUFFING

At the ASP:

RTCH Requirement
Productivity Factor

Offload and store full
containers 91 cpd .011

Retrieve full container
from storage and load
transporter 91 cpd .011

Offload empty container
from transporter to storage 103 cpd .010

Retrieve empty containers from
storage and load transporter 103 cpd .010

.042

At the dump:

-RTCH Requirement
Productivity Factor

Offload and store full
containers 91 cpd .011

Retrieve full containers from
storage for unstuffing 91 cpd .011

Move empty containers to
storage 103 cpd .010

Retrieve empty containers from
storage and load transporter 103 cpd .010

.042

4K RTFL Requirements

If containers are unstuffed at the ASP, then 4K RTFLs are required at

both locations and the minimum forklift requirements occur when containers

are used for storage at the ASP and arA unloaded only as ammunition trucks

arrive to carry their contents forward. In Table VII-6, 4K RTFL require-

ments for this case are compared to the case where containers are trans-

ported to the dump. In the latter case, 4K RTFLs are not required at the

ASP for ammunition that is shipped to the dump in containers.
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FOR ASP AND DUMP UNSTUFFING

ASP Unstuffing

4K RTFL Requirement
Productivity Factor

At the ASP:

Unstuff containers 23 cpd .043
Move pallets to loading site 15 cpd .067
Load trucks 16 cpd .038

.148

At the dump:

Offload trucks 26 cpd .038
Move pallets to storage 15 cpd .067
Retrieve pallets from storage 15 cpd .067
Load trucks 26 cpd .038

.210

Dump Unstuffing

4K RTFL Requirement
Productivity Factor

Unstuff containers 23 cpd .043

Move pallets to storage 15 cpd .067
Retrieve pallets from storage 15 cpd .067
Load trucks 26 cpd .038

.215

MK48/MK14 Requirements

Transporter requirements depend on the travel time between the ASP and

the dump as wll as the required throughput of ammunition. Table VII-7

shows factors for one-way travel times ranging from 5 to 60 minutes.
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TABLE VII-7. !4K48/?4K14 REQUIRE4ENT FACTORS

One-Way Palletized Palletized
Travel Time Container Loading With Loading With

(minutes) Shipping One 4K RTFL Two 4K RTFLs

5 0.048 0.127 0.069
10 0.061 0.138 0.081
15 0.073 0.150 0.092
20 0.086 0.161 0.104
25 0.099 0.173 0.115
30 0.111 0.184 0.127
35 0.124 0.196 0.138

40 0.137 0.207 0.150
45 0.149 0.219 0.161
50 0.162 0.230 0.173
55 0.175 0.242 0.184
60 0.187 0.253 0.196

Summary and Rounding Considerations

The equipment requirement factors for each CEU of throughput per day,

at each location are given in Table VII-8.

Table VII-8 shows that compared to the two 4K RTFL loading case for

ASP unstuffing, the dump unstuffing alternative offers savings in 4K RTFL

and MK48/MK14 requirements at the expense of additional requirements for

RTCH services at the dump. For each CEU/day of required throughput at the

dump, the penalty is o042 additional RTCHs (at the dump), and the savings

are .143 fewer RTFLs (at the ASP) and .01 to .02 fewer MK48/MK14s depending

on travel times.

For continuous operations, it is probably not practical to move MHE

between ASPs and munition dumps. Thus, requirements for RTCHs or 4K RTFLs

must be treated as integers at each node. Similarly, fractional changes in

numbers of MK48/MK14s required may have no practical meaning. The through-

put at the dump would have to exceed 50 to 100 CEUs per day to save a whole

a, MK48/MK14. The integer changes in MHE requirements for dump unstuffing are

*given in Table VII-9.
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TABLE VII-8. REQUIREMENT FACTORS FOR ASP VERSUS DUMP UNSTUFFING

ASP Dump
Equi pment Unstuffing Unstuffing

One Two
4K RTFL 4K RTFL
Loading Loading

RTCH

ASP .042 .042 .042
Dump - - .042

.042 .042 .084

4K RTFL

ASP .148 .148 -
Dump .210 .210 .215

.358 .358 .215

MK48/MK1 4

(depending on travel time)

5 min .127 .069 .048
S10 min .138 .081 .061

20 min .161 .104 .086
40 min .207 .150 .137

60 min .253 .196 .187

TABLE VII-9. EFFECT OF DUMP UNSTUFFING ON EQUIPMENT REQUIREMENTS

Dump
Throughput Additional 4K RTFLs

(CEUs per day) RTCHs Saved

0 -7 1 0
7-14 1 1

14 -21 1 2

21 -24 1 3

24- 28 2 3
28 2 4

35 2 5

42 2 6
48 3 7

56 3 8
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The procurement cost of a RTCH is about 6 times that of a 4K RTFL.

But since life cycle costs are largely people costs, the study team

believes the life cycle cost of the RTCH is less than twice that of the 4K

RTFL. Since a RTCH costs more than a 4K RTFL, dump unstuffing does not pay

for throughputs less than about 14 CEUs per day. If a trade of two 4K

RTFLs for one RTCH is favorable, dump unstuffing pays for dump throughputs

in excess of 28 CEUs per day. Dump unstuffing might pay for dump

throughputs of 14-24 CEUs per day but this runs the risk of operating a

dump with one RTCH--if the RTCH is damaged or breaks down, then all

container handling capabilities would be lost and a costly bottleneck in

operations could result. Thus, the foregoing analysis suggests the use of dump

unstuffing for expected dump throughputs in excess of about 28 containers

per day. As a reasonable rule of thumb, this threshold value is rounded to

30 cpd.

D. DIRECT SHIPMENT OF CONTAINERS TO DUMPS (CONTAINERS NOT GROUNDED AT ASP)

The previous section assumed that ammunition containers were grounded

and stored at an ASP en route to and from the ammunition dump. This sec-

tion addresses the NHE savings that could be realized if handling the ammu-

nition at the ASP could be avoided by directing container haulers coming

from the BTP to proceed directly to the dump. Also, haulers returning with

empty containers from the dump would proceed directly to the BTP.

RTCH Reuirements

For ASP unstuffing, the requirement is .042 RTCH per CEU of throughput

as previously derived in Table VII-1. For direct shipping, there is no

requirement at the ASP and the requirements at the dump are .042 RTCHs per

CEU per day to perform the same tasks that would otherwise be performed at

the ASP.
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4K RTFL Requirements

The analysis of 4K RTFL requirements is the same as that in the pre-

vious section (Table VII-2). These requirement factors show an expected

savings of about .15 forklifts per CEU of required throughput if unstuffing

is conducted at the dump instead of the ASP.

Rounding Considerations

If the throughput at the dump is an even multiple of the daily capac-

ity of the RTCH (about 24 cpd), then no additional RTCHs are required to

perform the container handling operations at the dump instead of the ASP--

the additional requirements at the dump are offset by a reduced requirement

at the ASP. If the requirement at the dump is not an even multiple of the

daily RTCH capacity, then one additional RTCH is required. Table VII-10

shows the integer changes in MHE for using direct shipping to the dump

instead of ASP unstuffing, assuming a +10% window for defining an even

multiple.

fTABLE VII-10. EFFECTS OF THROUGHPUT TO DUMP ON MHE

Dump Additional 4K RTFLs
Throughput RTCHs Saved

0 -7 1 0
7- 14 1 1

14 -22 1 2

21 -26 0 3
26 -28 1 3
28-35 1 4

If two-for-one is a favorable trade of 4K RFTLs for RTCHs, then direct

shipping and unstuffing at the dump has payoff whenever the required

* throughput of the dump exceeds about 14 CEUs per day. Again, however, if

the throughput at the dump is less than about 24 CEUs per day, then only

one RTCH would be required at the dump and the dump would run the same

risks of operating with a single RTCH as discussed in the previous section.
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E. SHIPPING CONTAINERIZED AMMUNITION TO USERS

For purposes of this analysis, the question concerning whether ammuni-

tion should be shipped to using units in containerized or breakbulk form is

exactly the same as the question as to whether containers should be shipped

to munition dumps. In terms of MHE and transport requirements, having con-

tainerized ammunition delivered to a unit is the same as having container-

ized ammunition delivered to a munition dump co-located with the unit.

Thus, shipping containerized ammunition to a unit would have payoff if the

unit consumed more than about 30 CEUs per day, or if the unit consumed more

than about 14 CEUs per day and were close enough to another unit with RTCH

assets so that the risk of operating with one RTCH were not too great.

,

F. QUALFICATIONS

The foregoing analysis establishes some rules of thumb that form the

basis for the concept presented in the next chapter. The analysis assumes

that user requirements for ammunition must be met, that these ammunition

requirements are to be met with a concept that employs only current FLS

equipments, and that the objective is to minimize the quantitative require-

ments for the FLS equipment items to provide the required ammunition supply

rate to the using units. The rules of thumb do not consider scenario

dependent factors such as mission, terrain, enemy forces, and immediately

available quantities of operational equipment that would cause a commander r

to do things differently in a particular tactical situation.
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VIII. THE CONCEPT AND ITS APPLICATION

This chapter defines a recommended concept for handling containerized

ammunition in an AOA and examines its applications to a typical MAF sce-

nario for:

* AFOE offloading
* Steady state resupply at sustaining rates
* Steady state resupply at intense rates

A. CONCEPT DEFINITION

The concept is a description of the equipment and procedures for the

movement of containerized ammunition from its arrival at the BTP through

the issue of the container contents in breakbulk form at a retail supply

point, and includes the retrograde of empty containers. A retail supply

point is an ASP, a Class V(A) bomb dump, or a Class V(W) field ammunition

dump. Wholesale nodes in the resupply network are the BTP and a container

control point in the beach support area (see Figure VIII-1).

CLASS VIW _
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FIGURE VIII-1.
CONCEPTUAL AMMUNITION NETWORK
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At least one BTP and one ASP will be established in the AOA prior to

AFOE offloading. For subsequent resupply operation, an AOA could have more

than one BTP and more than or~e ASP. Bomb dumps or field ammunition dumps

may be established whenever it, is convenient to do so under current doc-

trine for handling breakbulk ammunition, but these dumps are not necessar-

ily configured to handle containerized ammunition.

The concept can be fully implemented using FLS equipments:

0 The MK48/MK14 is used to transport containerized ammunition for-
ward and retrograde empty containers.

0 The LACH is used to load/offload the MK48/MK14 at the BTP (LACHs
may not be required if port facilities or an ELCAS are
available).

* The RTCH is used to handle containers at ASPs and dumps con-
figured to handle containerized ammunition; container handling
tasks include loading or offloading containers from the MK48/MK14
and moving containers to and from storage and unstuffing sites.

* The 4K RTFL is used to unstuff containers and handle breakbulk
ammunition; breakbulk handling tasks include moving palletized
ammunition to and from storage and loading it onto trucks.

Incoming containers will be loaded on MK48/MK14 transporters at the

BTP by LACHs or shipboard cranes and cleared from the BTP as rapidly as

possible. The flow of all containers and transporters to and from the BTP

will be centrally managed by an element of the CSSE responsible for track-

ing the status and location of all containers in the AOA. This central

container control element will operate a control point in the vicinity of

the BTP and direct all ammunition containers to an ASP.

Figure VIII-2 illustrates a conceptual layout for an ASP capable of

handling both containerized and breakbulk ammunition. This layout features

a container control point for recording and directing the flow of all con-

tainer traffic to and from the ASP. Transporters with full containers com-

ing from the BTP can be directed to the container offloading site at the

ASP or sent directly to a bomb or ammunition dump. Similarly, a trans-

porter returning from a dump with an empty container can be directed to the

retrograde storage area at the ASP or sent directly to the BTP. This con-

tainer control point will assist the CSSE central container control element

in tracking containers and controlling their flow to the BTP for

retrograde.
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If bomb or ammun.Lxion dumps are established to receive containerized

ammunition, then transporters arriving at the ASP from the BTP will be sent

directly to those dumps, whenever possible, to avoid unnecessary handling

of the container at the ASP. Otherwise, incoming full containers are off-

loaded for temporary storage until they can be unstuffed or reloaded on

transporters for shipment to a bomb or ammunition dump. In accordance with

DoD policy, use of containers for storage will be avoided. Thus, unless

full containers are identified for shipment elsewhere, they will unstuffed

as rapidly as practical and their contents placed in breakbulk storage.

Whenever possible, bomb dumps and field ammunition dumps will be con-

figured to handle containerized ammunition if their expected throughput is

30 container loads or more per day. These large dumps will require at

least two RTCHs for container handling tasks. Dumps with expected through-

puts of less than about 15 CEUs per day are too small to make efficient use

of a RTCH and should not be configured for container handling. Dumps with

expected throughputs of 15 to 30 CEUs per day may be configured to handle

containers and equipped with one RTCH if the risks of losing the RTCH are

judged acceptable. Dumps configured to handle containers should have a

layout similar to the ASP layout shown in Figure V'II-2.

B. CONCEPT REQUIREMENTS FOR AFOE OFFLOADING

The AFOE is planned to come ashore over a 25-day period beginning at

about D+5. By D+5, CSS elements of the assault echelon will have already

established at least one ASP. The AFOE will bring with it about a 45-day

supply of ammunition, including ammunition delivered from Maritime Prepo-

sition Ships (MPS). The 45-day supply (15 days at intense rates and 30

days at sustaining rates) corresponds to about 6300 CEUs. If all of this

were delivered in containers over a 25 day period, then the average off-

loading rate would be 252 CEUs per day. MPS-2 has 1415 ammunition contain-

ers which are to be offloaded at the beach in 5 days--an average of 288

cpd. Thus, AFOE requirements for moving containers from the BTP to an ASP

would average about 250 CEUs per day surging to as high as 288 cpd. At the
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same time, the ASP would be required to unstuff containers and issue break-

bulk ammunition to using units. This issue rate could vary from sustaining

rates (118 cpd) to intense rates (185 cpd). Thus, as an upper bound, the

analysis in this section provides equipments estimates to receive 288 cpd

at the ASP and deliver 185 CEUs per day from the ASP during the AFOE off-

loading period. The analysis first assumes that all ammunition is contain-

erized then examines a case where all ammunition other than MPS is deliv-

ered in breakbulk form.

Not all containers would have to be retrograded during AFOE offloading

since some containers would be needed to fill the container pipeline in the

AOA for steady-state operations during the resupply phase. In keeping with

DoD policy, however, as many as practical should be retrograded. The ana-

lysis in this section assumes that the 185 cpd that could be unstuffed at

the ASP during the AFOE offloading period are retrograded to landing craft

at the BTP.

LACH Requirements

To offload 288 cpd from landing craft to transporters and retrograde

288 cpd back to landing craft requires about 4.8 IACHs, based on the 120

cpd LACH productivity estimate provided in Appendix E for each operation.

RTCH Requirements

RTCH requirements at the ASP are computed using productivity factors

developed in the previous chapter. If all ammunition is delivered in con-

tainers, then the requirements are as shown in Table VIII-1.
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TABLE VIII-1. RTCH REQUIREMENTS, AFOE OFFLOADING

Productivity Throughput, RTCH

Task Factors Requirement Requirement

Offload transporter and
store full container .011 288 3.17

Move full containers from
storage to unstuffing site .011 185 2.04

Move empty container
from unstuffing site to
storage .010 185 1.85

Retrieve empty containers
storage and load transporter .010 185 1.85

8.91 or 9

If only MPS-2 is delivered in containers, then the RTCH is still re-

quired to handle 288 cpd of incoming containers over a 5-day period. But

the RTCH would not be required for unstuffing operations during this short

period since most deliveries to using units could be made from ammunition

arriving at the ASP in breakbulk form. From Table VIII-1 above, the

requirement to offload and store 288 cpd is 4 RTCHs (rounded up from 3.17).

Note that these four RTCHs would be available for unstuffing and retrograde

operations for 20 days of the 25-day AFOE offloading period, providing a

combined capacity of about 130 cpd for the operations.

4K RTFL Requirements

If all ammunition is in containers, then all requirements for the 4K

RTFL are at the ASP. These requirements are shown in Table VIII-2.

TABLE VIII-2. 4K ROUGH TERRAIN FORKLIFT REQUIREMENTS
(ALL AMMUNITION CONTAINERIZED)

productivity Required 4K RTFL
Factor Rate Requirement

Unstuff container .043 288 12.4
Move pallets to storage .067 288 19.3
Retrieve pallets from storage .067 185 12.4
Load trucks .038 185 7.0

51.1 or 52
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If only MPS ammunition (1415 CEJs) is in containers, then there is a

-*' requirement to handle about 4860 CEUs of incoming breakbulk ammunition.
Assuming this is spread evenly over 20 days, the required capacity is about

243 CEUs per day. The 4K RTFL is required to load this palletized

ammunition on trucks at the BTP and offload it and store it at the ASP,

while continuing to issue ammunition from the ASP. Unstuffing at the ASP

is not required; however, more breakbulk ammunition is arriving at the ASP

than is required to meet deliveries. Thus, if only MPS ammunition is

containerized, the requirements for the RTFL are as shown in Table VIII-3.

TABLE VIII-3. 4K ROUGH TERRAIN FORKLIFT REQUIREMENTS

(MPS-2 AMMUNITION CONTAINERIZED)

Productivity Required 4K RTFL
At the BTP: Factor Rate Requirement

Retrieve pallets from
storage .067 243 16.3

Load trucks .038 243 9.2

25.5 or 26

At ASP:

Offload trucks .038 243 9.2
Store ammunition .067 243 16.3
Retrieve ammunition from

storage .067 185 19.1
Load trucks .038 185 7.0

51.6 or 52
Total

--78

MK48/MK1 4 Requirements

Transporter requirements depend on the travel times between the BTP

and the ASP. Table VIII-4 gives the MK48/MK14 requirements for

containerized shipping and a throughput of 288 cpd.
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TABLE VIII-4. MK48/MK14 REQUIRE4ENTS
(ALL AMMUNITION CONTAINERIZED)

One-Way
Travel Productivity MK48/MK14
Time Factor Requirement

5 .048 13.8
10 .061 17.6
15 .073 2!.0

20 .086 24.8
25 .099 28.5
30 .111 32.0

The requirements above apply for the full 25 days if all ammunition is

containerized. If only MPS-2 is containerized, the requirements above

apply for 5 days and, for the remaining 20 days there is a required rate of

243 CEUs per day breakbulk shipping. These requirements for the breakbulk

shipping are shown in Table VIII-5.

TABLE VIII-5. MK48/MK14 REQUIREMENTS
(MPS-2 AMMUNITION CONTAINERIZED)

One-Way
Travel Productivity MK48/MK14
Time Factor Requirement

5 .069 16.8

10 .081 19.7
15 .092 22.4
20 .104 25.3
25 .115 27.9
30 .127 30.9
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C. SUSTAINED RATE RESUPPLY

The sustained rate resupply requirements for a typical MAF deployment

were developed in Chapter IV and are shown again in Table VIII-6.

TABLE VIII-6. MAF SUSTAINED RATE RESUPPLY REQUIREMENTS

CEUs/day

Class V(W)

Artillery 23.4
Other 9.6

33.0
Class V(A)

Forward Base 1 13.4
Forward Base 2 13.4
Main Base 1 10.7
Main Base 2 10.7
SELF 36.6

84.8

How much of this ammunition would be delivered to the BTP in containers is

'1 uncertain, but 100 percent is a reasonable assumption as an upper limit.

The numbers and locations of ASPs and munition dumps in the AOA depends on

the geography and the threat. For illustrative purposes, assume two ASPs

have been established (one primarily for Class V(W) and one primarily for

Class V(A)), that bomb dumps have been established at the SELF and each of

w .the two main bases, that a fourth bomb dump has been established to serve

both forward bases, and that a field ammunition dump has been established

to serve forward artillery units (see Figure VIII-3). Further, assume that

travel distances between nodes are as shown in Table VIII-7.
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FIGURE VIII-3.
ILLUSTRATIVE AMMUNITION RESUPPLY NETWORK

TABLE VIII-7. ILLUSTRATIVE TRAVEL TIMES

BTP to :

Class V(W) ASP 10 minutes
Class V(A) ASP 20 minutes

Class V(W) ASP to:

Class V(W) dump t0 minutes

Class V(A) ASP to:

Bomb dump 1 10 minutes
l- Bomb dump 2 20 minutes

SBomb dump 3 20 minutes
Bomb dump 4 40 minutes

.VIII-1 0

iv5,\ ' ' ,,. ''I L, '' . ,.., '..'"" .'""".'' 'i." . ,'' "" -".



-he requird tGiLuughpucs at the dumps are given in Table VIII-8.

TABLE VIII-8. ILLUSTRATIVE AMMUNITION THROUGHPUT REQUIREMENTS

CEUs/day

Class V(W) dump 23.4
Bomb dump 1 36.6
Bomb dump 2 10.7
Bomb dump 3 10.7
Bomb dump 4 26.8

Only bomb dump 1 is large enough to justify configuring it to handle

containerized ammunition; all others will handle breakbulk ammunition un-

stuffed at the ASP. The RTCH requirement at the Class V(A) ASP depends on

V. how many of the containers going to bomb dump 1 can be shipped directly

without handling them at the ASP. Depending on this assumption and using

the requirement factors developed in Chapter VII, the equipment require-

ments can be determined and are shown in Table VIII-9.

'TABLE VIII-9. ILLUSTRATIVE EQUIPMENT REQUIREMENTS

LACH RTC 4K RTFL MK48/MK1 4

BTP 2 0 0 0
Class V(W) ASP 0 2 5 2.0 (to and from BTP)
Class V(A) ASP 0 3-5 9 7.3 (to and from BTP)
Class V(W) Dump 0 0 5 3.2 (to and from ASP)
Bomb dump 1 0 2 8 2.2 (to and from ASP)

" ' Bomb dump 2 0 0 3 1.7 (to and from ASP)
Bomb dump 3 0 0 3 1.7 (to and from ASP)
Bomb dump 4 0 0 6 5.5 (to and from ASP)

2 7-9 39 23.6
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D. INTENSE RATE RESUPPLY

As developed in Chapter IV, the intense rate resupply requirements for

a typical MAF deployment are as shown again in Table VIII-10.

TABLE VIII-10. INTENSE RATE AMMUNITION RESUPPLY REQUIRE4ENTS

Class V(W)

Artillery 59.4
Other 19.2

78.6

Class V(A)

Forward Base 1 16.8

Forward Base 2 16.8
Main Base 1 13.4
Main Base 2 13.4
SELF 45.7

106.1

Assume that all of the ammunition delivered to the beach to meet these

requirements is containerized and that the nodes of the ammunition supply

network are the same as used in the previous section to illustrate require-

ment for sustaining rates. For intense rates, however, the required

throughput at the dumps are as shown in Table VIII-t1.

TABLE VIII-1 1. INTENSE RATE AMMUNITION THROUGHPUT REQUIREMENT

CEUs/day

Class V(W) dump 59.4
Bomb dump 1 45.7
Bomb dump 2 13.4
Bomb dump 3 13.4
Bomb dump 4 33.6

At intense rates, containerized ammunition would be sent to the Class

V(W) dump, bomb dump 1, and bomb dump 4--all having throughputs in excess

of 30 CEUs/day. The corresponding equipment requirements are given in

Table VIII-1 2.
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TABLE VIII-12. INTENSE RATE EQUIPMENT REQUIREMENTS

LACH RTCH 4K RTFL MK48/MKI 4

SBTP 3.1I 0 0 0
Class V(W) ASP 2-4 20.8 (to and from BTP)
Class VW ASP 0 2-6 4 17.1 (to and from BTP)

Class VW dump 0 3 13 3.6 (to and from ASP)
Bomb dump 1 0 2 10 2.8 (to and from ASP)

Bomb dump 2 0 0 3 2.2 (to and from ASP)
Bomb dump 3 0 0 3 2.2 (to and from ASP)
Bomb dump 4 0 2 8 4.6 (to and from ASP)

3.1 11-15 43.3

E. SUMMARY COMPARISON AND IMPLICATIONS

1. Equipment Requirements Versus Assets

Table VIII-13 compares the requirements for the illustrative examples

postulated in previous sections to the planned equipment assets of a MAF

(assuming the ASP is 10 minutes from the BTP for AFOE offloading):

TABLE VIII-13. MAF VS ILLUSTRATIVE EXAMPLE EQUIPMENT COMPARISON

LACH RTCH 4K RTFL MK48/MK1 4

Available Assets

MAF 12 6 116 145

MPS 4 10 24 20
16 16 149 165

Potential Requirements
(Ammunition only)

AFOE offloading 4.8 9 52 17

Sustaining Rate Resupply 2.0 7-9 39 24

Intense Rate Resupply 3.1 11-15 44 44

2. Implications of Assumptions

Readers should be reminded thae the pot-ntial requirements shown above

are only for ammunition and only for a specific set of assumptions
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concerning the numbers of nodes in the ammunition resupply network and the

travel times between these nodes. Further, the requirement assumes:

* All ammunition is delivered to the BTP in containers

* Equipment works 20 hours per day

" No equipment availability is lost to mechanical failures or hos-
tile action.

Changes in the configuration of the transportation network would have

the greatest effect on requirements for the MK48/MK1 4--longer travel dis-

tances would require more transporters. If additional nodes were to handle

containerized ammunition, then requirements for the RTCH would increase and

requirements for the 4K RTFL and requirements for the MK48/MK14 would de-

crease.

If only a fraction of the ammunition were delivered to the beach in

containers, then requirements for the RTCH would decrease and requirements

for the 4K RTFL and the MK48/MK14 would increase.

If equipment were to work less than 20 hours per day, then require-

ments would increase accordingly--a 10 hour equipment work-day would re-

quire more equipment (but perhaps not twice as much) as daylight operations

are more productive than night operations. Practically speaking, however,

the problem with a 20-hour work day is more with crews than equipments.

While a 10-hour workday is a more reasonable assumption for the crew, this

would imply a need for more crews and not necessarily a need for more

equipment.

* Finally, loss of equipment availability to mechanical failures and
enemy action will increase equipment requirements--how much depends on as-

sumptions concerning maintenance capabilities and the threat.

3. organizational Implications

Because the scope of this study is limited to ammunition, it is not

possible to justify specific recommendations concerning changes in organi-

zation and equipment. However, the analysis in this chapter is enough to

identify issues and probable areas of concern for resolution through an

analysis of total MAGTF requirements for MHE.
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Increased RTCH Requirements. The analysis in this chapter illustrates

that requirements for ammunition could be as high as 15 of the 16 RTCHs

typically deployed to an AOA for use by a MAF. Thus, it seems virtually

certain that an analysis accounting for RTCH requirements for other con-

tainerized cargo and for RTCH non-availability due to mechanical failure

and hostile actions will show a requirement for additional RTCHs.

Decreased RTFL Requirements. The analysis in this study shows that a

transition from breakbulk to containerized ammunition decreases require-

ments for RTFLs. This is because loading/offloading tasks performed by

RTFLs for breakbulk ammunition handling are performed by container handlers

when the ammunition is containerized. Note that this does not eliminate

the requirement for RTFLs since all containers must be unstuffed and their

contents handled in breakbulk form. Still, if the currently planned

quantities of MHE in the FLS are adequate for breakbulk ammunition, then

the analysis implies that RTFLs could be traded out of the force to provide

some or all of the resources required for additional RTCHs. However,

whether currently planned numbers of RTFLs are adequate for breakbulk

ammunition--in view of other requirements--is beyond the scope of this

study.

Personnel Requirements. Additional trained personnel will be required

to operate and maintain any additional RTCHs added to the MAF. Some or all

of these personnel spaces may become available by reduced requirements to

operate and maintain RTFLs. Even if no additional spaces are required,

some increased training will be required as the RTCH is somewhat more dif-

ficult to operate and maintain than the RTFL. Further, additional analyses

will be required to determine current MAF personnel capabilities to operate

available MHE equipment on a sustained basis. In particular, the analysis

in this study assumed equipment could be operated 20 hours per day over an

extended period. This would require at least two full crews for each

equipment item.

Equipment Distribution. The probable requirement for additional RTCHs

identified in this study occurs at ASPs, field ammunition dumps, and bomb

dumps. ASPs and field ammunition dumps are operated by the AmmunitionCom-
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pany from the Supply lattdlicn of the CSSE. Bomb dumps are operated by the

H&MS of the ACE. Neither the Ammuniticn Company nor the H&MS have organic

MHE, however. MHE is provided to the Ammunition Company by the Landing '.

Support Battalion or the H&S Sattalian of the CSSE. MHE for bomb dumps is

provided by the Marine Wing Suppcozt Group (MWSG). All RTCHs are currently

located in the Landing Support Battalion, which does not normally provide

MHE to the ACE. Thus, there are three reasonable alternatives for locating

the additional RTCHs within the MAF organization:

. Landing Support Battalion - Adding all new RTCHs here would main-
tain a central location for maintenance skills and spare parts
peculiar to the RTCH, but would require the Landing Support Bat-
talion to provide equipment to bomb dumps.

* Landing Support Battalion and MWSG - This alternative would pre-
serve the current organizational relationships for providing MHE
to the Ammunition Company and the H&MS, but the RTCH would be a
new item of equipment for the MWSG.

* Ammunition Company znd H&MS - Adding RTCHs to these organizations
would provide them directly to the units that need them. This
would eliminate requirements to attach personnel and equipment
from other units to provide the RTCHs that will always be needed
by the Ammunition Company and the H&MS to operate ASPs and bomb
dumps handling containerized ammunition. If permanently as-
signing RTCHs to the Ammunition Company and the H&MS makes sense,
then it would also seem to make sense to provide RTFLs to these
units. RTFLs, with personnel to operate and maintain them, could
be permanently reassigned from the units that normally provide
them on a temporary basis. The idea of permanently assigning
RTFLs to the Ammunition Company and H&MS is independent of am-
munition containerization, however, since these units require
RTFLs to operate ASPs and bomb dumps whether ammunition is con-
tainerized or not.

4. Implications of New Equipment Items

Marine Corps adoption of flat racks, a shooting boom forklift, or a

self-loading container hauler as elements of the FLS would significantly

alter the analysis concerning the merits of carrying containers to forward

* nodes in the resupply network. Because the analysis in this study hinges

on the requirement to have at least one (and preferrably two) RTCHs at any

node receiving containerized ammunition; it shows that this is not eco-

nomical from the standpoint of MHE requirements if the required throughput

of the node is small. These new items of equipment would reduce the need

for the RTCH at the receiving node:

Iop
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* Flat racks could be loaded on the MK48/MK14 at an ASP using a
RTCH and then offloaded pallet-by-pallet at the receiving node
using an RTFL. This offers the improved turn around time of
MK48/MK14 assets associated with loading containerized ammunition
instead of breakbulk ammunition (1 lift vice approximately 22
lifts) without the requirement for a RTCH at small receiving
nodes. Flat racks also offer the advantage of single-lift off-
loading at receiving nodes large enough to justify the assignment
of RTCH assets instead of RTFLs to perform the offloading func-
tion. Once flat racks are offloaded from the MK48/MK14 chassis,
they are easier to unstuff than ISO containers because the pal-
lets are more easily accessed by MHE. Also, if flat racks are
unstuffed off-chassis, they require fewer MK48/MK14s for
retrograde than ISO containers.

0 Shooting boom forklifts could be used at the receiving node to
unstuff ISO containers without removing the container from the
MK48/MK14. If receiving nodes were equipped with the shooting
boom forklift, then the MK48/MK14 savings associated with single

' . . lift loading could be achieved without the penalty of requiring a
RTCH at small receiving nodes. The shooting boom forklift is
also more efficient at unstuffing ISO containers than the 4K
RTFL, and is more efficient than the 4K RTFL at offloading break-
bulk ammunition from the MK48/MK14 chassis or from flat racks.
Additional analysis is required to determine if and when it would
be advantageous to employ the RTCH instead of the shooting boom
forklift to perform the offloading at the receiving node,

Adepending on whether flat racks or enclosed ISO containers were
employed.

* Self-Loading Container Haulers would eliminate RTCH requirements
for loading and offloading containers. Some RTCHs would still be
required for moving containers to and from storage at large ASPs,
but small forward nodes could handle containerized ammunition
without a RTCH. The self-loading container haulers would drop
off full containers at the forward node and pick up empty con-
tainers for retrograde. This offers savings-on RTCH requirements
as compared to delivery of containers using the MK48/MK14 and of-
fers savings in transporter requirements resulting from decreased
loading/offloading times as compared to breakbulk delivery. The
use of self-loading container haulers would allow equipment-
efficient loading/offloading at any node or using unit regardless
of size. It would not make sense, however, to deliver a con-
tainer to a unit that would burden the unit with more ammunition
than it could consume or assimilate before being required to
move.

VIII-17
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IX. SUMMARY AND CONCLUSIONS

A* CONCEPT DEVELOPMENT

The shipping industry has modernized to take advantage of efficiencies

and economies associated with containerized cargo. some container ships

are designed to handle cargo in standard 8' x 8' x 20' ISO containers.

Containerships are becoming more attuned to 40' containers, and some

modifications will be needed for these ships to accommodate 20-footers.

". The Marine Corps anticipates that ammunition (and other cargo) delivered to

an AOA by commercial ships will increasingly consist of palletized

ammunition packaged in these 20-foot containers. The containers are part

of the transportation system and are intended for reuse. DoD policy

encourages the use of containers to expedite shipping within a theater of

operations, but discourages the use of containers for storage.

Containerized ammunition is expected to arrive at the beach as part of

the assault follow-on echelon (APDE) and during subsequent resupply opera-

tions. While the exact amount of ammunition to be containerized is un-

certain and scenario dependent, a reasonable estimate for the most

demanding requirement for container handling equipment is that all am-

munition for these phases of an amphibious operation will be delivered in

containers.

For purposes of this study, the nominal amount of ammunition that can

be packaged in an ISO container is termed a Container Equivalent Unit

(CEU). Expressing ammunition requirements in CEJs per day, the resupply

requirements for a typical MAF deployment are dominated by aircraft and ar-

tillery as shown in Table IX-i. Whether delivered to the beach in con-

tainers or in breakbulk (palletized) form, ammunition must be delivered

* through the resupply network to using units in the AOA.

IX-1
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TABLE IX-1.

MAF AMMUNITION RESUPPLY REQUIREMENTS

Sustaining Rates Intense Rates

Class V(W)

Artillery 23.4 59.4
Other 9.6 19.2

33.0 78.6

Class V(A)

Bombs 48.9 61.2
Missiles 26.8 33.5
other 9.1 11.4

84.8 106.1

Total 117.8 184.7

The introduction of containerized cargo creates requirements in the

AOA to handle full containers, unstuffed containers, and retrograde empty

containers. With proper equipment in the AOA, however, large quantities of

ammunition can be handled more efficiently in containers than in breakbulk

form. The Marine Corps' Field Logistics System (FLS) contains equipment

items intended to provide container handling capabilities.

The key FLS equipments for handling containerized ammunition are the

lightweight amphibious container handler (EACH), the MK48/MK14 logistics

vehicle system, the rough terrain container handler (RTCH), and the 4000-lb

rough terrain forklift (4K RFTL). The MK48/MK14 is designed to haul both

standard ISO containers and palletized loads. The LACO can offload fully

loaded containers from beached landing craft and load them on MK48/MK14s

for movement inland. Alternatively, loaded containers can be placed on

MK48/MK14s with shipboard cranes and brought ashore over the Navy-operated

elevated causeway (ELCAS). The RTCH can load and unload fully loaded con-

4 tainers from the MK48/MK14 and can be used to move containers to and from

storage areas at an ASP or munition dump. The 4K RTFL can be used to un-

stuff containers, and to move palletized ammunition. A MAF has 12 LACHS, 6

RTCHS, 116 4K RTFLS, AND 145 MK48/MK14s. These items are also aboard

IX-2
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Maritime Pre-position Ships (MPS); a MAF deployed with a typical MPS, for

example, would have an additional 4 IACHs, 10 RTCHs, 24 4K RTFLs, and 48

MK4 8/MK 14s.

An important consideration in handling containerized ammunition is
where the containers should be unstuffed. Theoretically, containers could

be unstuffed at the beach and all ammunition could be carried forward in

breakbulk form. At the other extreme, all ammunition could be delivered to

using units in containers. Intermediate solutions wuld unstuff containers

at ASPs and ammunition dumps.

Because space is usually at a premium at the BTP, standard practice is

to clear the beach of incoming materiel as rapidly as possible. Because

considerable space is required to unstuff large numbers of ammunition con-

tainers, these operations should be conducted at ASPs or ammunition dumps

inland. Carrying containers inland to the ASP also makes more efficient

use of ME and transporters because containerized ammunition can be loaded

and offloaded much more rapidly than the same amount of palletized ams.in-

ition.

If containerized ammunition is available at an ASP and the contents of

these containers are to be shipped to a dump for issue in breakbulk form,

then whether or not it pays to ship the ammunition from the ASP to the dump

in containers depends on the throughput of ammunition required. Shipping

-A . containerized ammunition rather than breakbulk ammunition creates require-

ments for the RTCH and eliminates requirements for the 4K RTFL to load/off-

load transporters. Based on life cycle costs, a reduction of two 4K RTFLs

for one additional RTCH is a favorable trade. The analysis in Chapter VII

* indicates that these kinds of savings can be achieved only if the required

delivery rate to the dump is more than about 15 CEUs per day. A delivery

rate of 15 CEUs per day could be handled by a single RTCH at the dump, but

if this RTCH were to break down or become damaged, then a costly bottleneck

in the resupply system could result. As a rule of thumb, therefore, ship-

ping containers forwrd is advisable when the throughput exceeds about 30

CEUs per day and justifies having two RTCHs at the dump.
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B. THE PROPOSED ONCEPT

The proposed concept describes procedures and equipment for handling

containerized ammunition from the arrival of containers at the BTP through

the issue of container contents in breakbulk form at retail supply points

(ASPs, bomb dumps, or field munition dumps). The major elements of the

concept are:

• Retail supply points will be established as convenient, under
current doctrine, for handling breakbulk ammunition, and are not
necessarily configured to handle containerized ammunition.

* At least one ASP will be established prior to AFOE offloading to
handle containerized ammunition. Other retail supply nodes may
be configured to handle containerized ammunition if their
expected throughput exceeds the contents of 15 containers per
day, and should be configured to handle containers if their
throughput exceeds the contents of 30 customers per day.

" Retail supply points configured to handle containerized ammuni-
tion are equipped with RTCHs and layed out to provide areas for
offloading and storing full containers, unstuffing containers,
and storing and loading empty containers for retrograde.

* Incoming containers will be loaded on transporters and cleared
from the BTP as rapidly as possible; an element of the CSSE
responsible for controlling all containers in the AOA will
operate a control point in the BSA and direct transporters with
ammunition containers to an ASP.

" At the ASP, incoming transporters will be directed to the con-
tainer offloading site at the ASP or, if possible, sent directly
to a forward bomb or ammunition dump configured to handle con-
tainers.

" Once containers reach their destination, they will be unstuffed I
and retrograded as soon as practical.

C. CONCLUSIONS

1. The proposed concept can be fully implemented using current FLS equip-

ments:

• The MK48/MK14 is used to transport containerized ammunition for-
ward and retrograde empty containers.

* The LACH is used to load/offload the MK48/MK14 at the BTP.
(LACHs may not be required if port facilities or an ELCAS are
available)

IX-4
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4,- 0 The RTCH is used to handle containers at ASPs and dumps con-
figured to handle containerized ammunition; container handling

:l'.-. , - tasks include loading of offloading containers from the MK48/MK14
and moving containers to and from storage and unstuffing sites.

v, The 4K RTFL is used to unstuff containers and handle breakbulk
ammunition; breakbulk handling tasks include moving palletized
ammunition to and from storage and loading it onto trucks.

2. With currently planned assets, the number of RTCHs is the most likely

critical factor in limiting the Marine Corps' ability to handle container-

ized ammunition in the AOA. Even assuming no RTCHs are lost to mechanical

failure or enemy action and none are required for other purposes, the re-

quirement for RTCHs to handle ammunition containers could virtually equal

the total number planned for a typical MAF deployment.

S3. To specify changes in Tables of Organization and Tables of Equipment,

the Marine Corps will have to address issues beyond the scope of this study

to determine:

. Requirements for handling containers other than those containing
ammunition

- What percentage of the ammunition resupply requirements will be
delivered to the beach in ISO containers

0 Planning factors for equipment availability due to mechanical

failures and enemy action

sii Planning factors for the numbers of hours in a workday for both
personnel and equipment

4. Several items of equipment are worthy of further analysis and testing

--- as offering improved efficiencies over current FLS components. These items

are:

* Flat Racks - an alternative to the ISO container offering more
efficient use of space on container ships and relative ease for
unstuffing and retrograding.

* Shooting-boom Forklift - an alternative to the 4K RFTL offering 2
* 'b. " -or 3 times the productivity for unstuffing ISO containers and the

ability to unstuff containers without offloading them from the
MK48/MK1 4.
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-* Self-Loading Container Hauler - an alternative to the MK48/MK14
container hauler that can pick up and drop off containers by ,.
itself, thereby reducing requirements for the RTCH at ASPs and
allowing delivery of containerized ammunition to small dumps or

units having no RTCH assets.

• Slip Sheet Ammunition Handling System - a packaging system that
allows rapid removal of ammunition from ISO containers.

• Straddle Carriers - an alternative to the IACH for offloading
landing craft, an alternative to the RTCH for container handling
at ASPs, and an alternative to the MK48/MK14 for transporting
containers over short distances.

5. Small and intermediate sized containers are not an attractive means

for routine transport of ammunition to user units. However, this will not

preclude the use of such containers for some emergency and/or special

operations. While the use of these containers places an additional burden

on the logistics system to stuff, unstuff, and retrograde the smaller

containers. However, limited use of small containers for emergency

ammunition resupply by helicopter appears to be attractive.

Do PRIORITY OF REQUIRED ACTIONS

The most probable deficiency identified in this study is the potential

shortage of RTCH assets to handle containerized ammunition. The Marine

Corps should take the following actions to reduce the uncertainties and

eliminate this potential shortfall:

* Determine requirements for RTCH assets to handle other types of
containerized cargo

* Determine whether new items of equipment (flat racks, shooting
boom, forklift, or a self-loading container hauler) will be added
to the FLS to reduce RTCH requirements

* Acquire and field required container handling equipment

IX-6
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Appendix A

SOURCE DATA FOR MAF BUILDUP ASHORE

Table A-i illustrates the number of MAF personnel arriving ashore per

day based on the landing priority table and troop list shown in MARCORS-1A

(Ref. 2]. This table illustrates the general trend of the buildup ashore

only and should not be interpreted as representing exact numbers of person-

" nel ashore. The MARCORS-1A source data used to construct this table are

. .V scenario dependent and therefore are not the same for all MAF-sized opera-

tions. In addition, since the landing priority table does not specifically

identify the arrival times for fixed-wing air groups, the study team

assumed the arrival times shown in footnote 2, Table A-2.

TABLE A-i. NUMBER OF PERSONNEL ARRIVING ASHORE

Element D D+1 D+2 D.3 D.4 D+5 D+6 D+7 D+8 ..... D+12 D+15 0+30

" zaC1 12,082 - 5,950 - - 120 1.611 - 170 - -
* ACE

2  
308 246 - 24 - 5,038 1,384 - 2,722 2,703 2,703 2,702

CSSz
3  

- 2,630 - 366 543 1,598 2,843 1.087 4,472 - - 1,300

Table A-2 is constructed from Table A-i and shows the cumulative GCE,

ACE, and CSSE buildup ashore. These values are represented graphically in

Figure III-1.
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Appendix B

CALCULATION OF AMMUNITION REQUIREMENTS

A. GENERAL

This appendix details the calculation of MAF and MAB ammunition

requirements based on source data provided by the Marine Corps. The data

have been aggregated into general categories of ammunition to illustrate

the areas of large ammunition expenditure. In this respect, the aggregated

quantities shown should be interpreted as relative estimates and not abso-

lute values. The general categories of Class V ammunition used in this

report are:

0 Class V(W)

-- Small arms (SA)
-- Mortars (M)
-- Tanks (T)
-- Artillery (A)
-- Demolitions (D)
-- Antitank (AT)
-- Anti-air missiles (AA)
-- Light-armored vehicles (LAV).

" Class V(A)

"-- Bombs (B)
-- Missiles (MI)
S-- Rockets (R)
-- Gun ammunition (G)
-- ECM devices (E).

B. MAF REQUIREMENTS

1. Intense Rate

Intense rate ammunition requirements are calculated by adding together

the weight (pounds) of each DODIC in a given category and dividing that sum

by 2,000 pounds per short ton (ST). These calculations are based on data

B-I
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provided by Headquarters Marine Corps. These data are shown in Table B-i

for all Class V(W) (except the LAV) and in Table B-2 for the LAV. Class

V(A) data are classified at the DODIC level and are not shown directly in

this report. The aggregated Class V(A) data, however, are unclassified and

appear in Table B-3. Based on these data, the intense rate calculation for

the small arms (SA) computation is:

SA - Z (all DODICs in Table B-i that are labeled SA)
2,000

= 59957 + 11490
2,000 36 ST

where: 59957 is the sum of the first 16 items on p.1 of Table B-i and
11490 is the sum of the items on p.5 of Table B-i.

The remaining intense rate calculations are performed similarly and
the results are shown below:

93643
H = 2,000z 47 ST

31653 V16 ST

1402332 315819 46008
A 2,000 + 2,000 + 2,000 701 + 158 + 23 882

209356
2,000 105 ST

Because of the density differences in artillery projectiles, propel-
lants, and fuzes, their short-ton values will be used separately in the
container calculations shown in Appendix B. The artillery short-ton calcu-
lation is the sum of the projectile short tons, propellant short tons, and
fuze/primer short tons.
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1 5385, ~~~AT - -= " 8S
2,000 

.T

71589
AA - 2,000 36 ST

TABLE B-2. LAV COMBAT RATES

Basis Assault Sustaining Basic Basic
DODIC of Issue TAN No. I-DOA 30-DOA 1-DOA 30-DOA Allowance Load

A068 K16A1 Rifle E1440 " " 10 820 ,

A071 M14AI Rifle E1440 " a' 70 840

A131 1240 MG E0998 213.3 6400.0 106.6 3200.0 1,600 1,600
or

A131"* M60D MG E0991 298.36 6962.2 107.65 3229.5

A576"'** 2 14G E0980 97.29 2918.7 54.25 1627.5 500 500

A974 M242 Cannon E0947 12.0 360.0 3.5 105.0 200 200
LAV(25)

A975 M242 Cannon E0947 43.0 1290.0 13.0 390.0 450 450
LAV(25)

G815 2 M257 E0947 4.0 120.0 2.0 60.0 16 16
Launchers
LAV(25)

'Reference 34.

"Basic allowance is part of, and not in addition to, the 1st 30-DOA assault rate.
The basic load, as listed, is recommended for stowage in the LAV(25). The resource for
this load is also part of the 1st DOA assault rate. M16AI rifle rounds are listed only
for displaying basic allowance and for displaying planned basic load for the LAV(25)
stowage. Combat rates for the rifle are displayed in the current edition of 1CO 8010.1
under the rifle subheading.

"'*The pintle mount on the LAV permits the installation of the M2 50-caliber MG,
or the 14600 7.62-mm MG. A decision as to which weapon will be authorized/designated
has not been determined as of the date of this publication.

B-I0
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( . The LAV calculations shown below are based on Table B-2:

LAV(25) = 55 rounds x 56 tubes x 0.5 pounds x ST 2 1 ST
tube round 2,000 lb

SA(M60D) = 298.36 rounds x 110 tubes x 0.101 pounds x ST 2 ST
tube round 2,000 lb

V M(HE) = 49.33 rounds x 8 tubes x 17.67 pounds x ST 5 ST
tube round 2,000 lb

TABLE B-3. AGGREGATED CLASS V(A) DATA

Category Total Pounds

Bombs (B) 1,427,302
p.. Missiles (MI) 402,169

Rockets (R) 112,330
Gun Ammunition (G) 78,228
ECM devices (E) 62,508

Using the data of Table B-3, the Class V(A) requirements are:

It1427,30.2 lb
" B = - lb 714 ST

2,000 g

402,169

. M 2,000 A 201 ST

112,330
-._.." R= -2,000 "6ST

G 78,228 k 39 ST
G = 2,000

E = 62,508
E = 2,000 = 31 ST

B-11
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I

Table B-4 summarizes the Class V(W) and V(A) intense rate requirements

for a MAF.

TABLE B-4. INTENSE RATE MAF REQUIREMENTS (SHORT TONS)

Category Requirement

Artillery 882
Demolitions 105
Mortars 52 (47 + 5)

Small arms 38 (36 + 2) V(W)
Anti-air missiles 36
Tanks 16
Antitank 8
LAV(25) 1

Bombs 714
Missiles 201
Rockets 56 V(A)
Gun ammunition 39
_CM devices 31

2. Sustaining Rate

Table B-5 is used to determine the Class V(W) sustaining rate require-

ments for the MAF, as shown below:

32900 16 ST

2,000

71718
M 2,000 3ST

10643
T1 2,000 5 ST

573922 117003 19271
2,000 2,000 + 00 =287 + 58 + 10 A 355 ST

170569D = 2-000 M85 ST

.4 B-1 2
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3737AT- 2 ST

848
AA-2,000 1S

Using Table B-2 again, the sustained LAV requirements are estimated

as:

LAV(25) 16.5 rounds x 56 tubes x 0.5 pounds x ST < 1 ST
tube round 2,000 lb

SA(M6OD) -(107.65 x 110 x 0.101) :W1 ST
2,000

M(HE) -(38.85 x 8 x 17.67) -~-4 ST
-S 2,000

Class V(A) sustaining rate requirements are calculated by multiplying

the intense rate requirement from Table B-4 by an across-the-board planning

factor otf 80 percent, as indicated in the data package provided by

Headquarters marine corps. Thus, we have:

BS -: B 714 x0.8 :%57 ST
MI -201 x 0.8 As 161 ST
R - 56 x 0.8 ft 45 ST
G - 39 x 0.8 2% 31 ST
E - 31 x 0.8 %U 25 ST

Table B-6 sumimarizes the MAF sustaining rate requirements.

B-19



TABLE B-6. SUSTAINING RATE MAF REQUIREMENTS (SHORT TONS)

Category Requirement

Artillery 355
An titank 2
Demolitions 85
Mortars 40 (36 + 4) V(W)
Small arms 17 (16 + 1)
Anti-air missiles < 1
Tanks 5
LAV(25) < 1

Bombs 57
Missiles 161
Rockets 45 V(A)
Gun ammunition 31 (
BCM devices 25 )

C. MAB REQUIREMENTS

1. Intense Rate

NAB calculations are performed similarly to the MAF calculations but

they use different source data. Table B-7 contains the Class V(W) data

(except for the LAV). The computations are:

19982 A 10 ST
2,000

32461
2,000 16 ST

7687
T - 2,000 4 ST

436073 105678 13594A - 2,000 + 2,000 + 2,000 = 218 + 53 + 7 278 ST

54083
D 2,00 27 ST

.,.

B-20
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glu R N 9,

4851
AT = 2 ST

35796AA= 2,0 18 ST
2,000

Once again, LAV data are not found in the basic data table (i.e.,
1

Table B-7), so the intense rate requirement is estimated using Table B-2,

as follows:

LAV(25) - 55 rounds x 19 tubes x 0.5 pounds x ST < 1 ST

V SA(M6OD) = 298.36 rounds x 37 tubes x 0.101 pounds x ST 2 < 1 ST
tube round 2,000 lb

M(HE) = 49.33 rounds x 3 tubes x 17.67 pounds x ST o I ST
tube round 2,000 lb

Intense rate calculations for Class V(A) are shown in Table B-8.

These MAB values are obtained as follows:

MAB value = MAF value x number of aircraft "i" in an MAB
number of aircraft "i" in an MAF

where: "i" represents specific aircraft types (e.g., F4, A6, AH-1, etc.)
[Ref. 9].

1
Assumes number of LAVs per MAB as approximately onc-third of the MAF

quantity.
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Table B-9 summarizes the Class V(W) and V(A) MAB intense rate

requirements.

TABLE B-9. INTENSE RATE MAB REQUIREMENTS (SHORT TONS)
S

Category Requirement

Artillery 278
Demolitions 27

Anti-air missiles 18
Mortars 17 (16 + 1) V(W)

Small arms 10
Tanks 4
Antitank 2
LAV(25) < 1

Bombs 298
Missiles 78

Rockets 21 V(A)
Gun ammunition 14
BCM devices 12

2. Sustaining Rate

For the sustaining rate, the corresponding calculations (using the

data of Table B-10) are:

9341
SA = 2,000 5 ST

24888
M 2,000 = 12 ST

2585
T = 2,000 1 ST

A-178124 39584 5616
A 2,0 + 20 + 2,0= 89 + 20 + 3 ; 1 12 ST2,000 2,000 2,000

44814
D - 2,000 = 22 ST

*.\'. 1175
AT = 2,000 1 ST
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41
AA 2,000 2$ < 1 ST

Using Table B-2 again, the sustained LAV requirements are estimated

as:

LAV(25) = 16.5 rounds x 19 tubes x 0.5 pounds x ST < 1 ST
tube round 2,000 lb

SA(M6OD) (107.65 x 37 x 0.101) A < 1 ST
2,000

(38.85 x 3 x 17.67)14(HE) - ,0 1 ST2,000

The Class V(A) sustaining rate requirements are again 80 percent of

the intense rate, hence:

B - 298 x 0.8 % 238 ST
MI = 78 x 0.8 ; 62 ST

R = 21 x 0.8 ' 17 ST
G = 14 x 0.8 2 11 ST
E = 12 x 0.8 As 10 ST

Table B-i 1 summarizes the MAB sustaining rate requirements.

TABLE B-11, SUSTAINING RATE MA REQUIREMENTS (SHORT TONS)

Category Requirement

Artillery 112
Dem olitions 22
Mortars 13 (12 + 1)
Small arms 5 V(W)
Tanks 1
An ti tank 1
Anti-air missiles < 1
LAV(25) < 1

Bombs 238
Missiles 62
Rockets 17 V(A)
Gun ammunition 11
1CM devices 10
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Appendix C

COMPUTATION OF CONTAINER EQUIVALENT UNITS

A. GENERAL APPROACH

This appendix describes the calculation of CEUs for the following

general categories of ammunition:

0 Class V(W)

-- Small arms (SA)
-- Mortars (M)
-- Tanks (T)
-- Artillery (A)
-- Demolitions (D)
-- Antitank (AT)

-- Anti-air missiles (AA)
-- Light-armored vehicles (LAV).

* Class VA)

-- Bombs (B)
Missiles (141)

-- Rockets (R)
-- Gun ammunition (G)

S-- ECM devices (E).

The procedure used to compute CEUs for each ammunition category is

dependent on the comparison of that category's density to the critical

density1 of an 8'x8'x20' contain.-, which is 37.1 lb/ft 3 . If the category

dbnsity is greater than or equal to 37.1 lb/ft3 , the container tends to

"weigh oute before "cubing out" so the following procedures are used:

1Critical density is defined in Reference 11 as that density that
would simultaneously cause a container to be loaded to its %eximum weight
and cube c~pacity. For an 8'x8'x20' containr, th.b =i;it:c&1 density is
37.1 lb/ft

, C-i
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Procedure 1 - Category Density -- Critical Density (37.1 lb/ft 3 )

ST.

3 . 19

where: CEUi - the number of CEUs of ammunition in category "i"

STi = short tons of ammunition in category "i" from the appropri-
ate table in Appendix B

19 -the average number of short tons of ammunition per
8'x8'x20' container.

If a category density is less than 37.1 lb/ft 3 , the container "cubes

out" first and the following procedure (Procedure 2) is used in place of

Procedure 1.

Procedure 2 - Category Density < Critical Density (37.1 lb/ft3)

lb 1 ft3  1 CEU
CEUi f ST i x 2000 y ib x 666 ft3

which simplifies to:

ST.
CEU. = x 31 D.

where: CEUi = the number of CEUs of ammunition in category "i"

STi  short tons of ammunition in category "i" from the appropri-
ate table in Appendix B

Si = the estimated density (in lb/ft 3) of ammunition in category
WNi

Determination of Di , the estimated category density, is discussed in

the following paragraphs.

C-2



B. ESTIMATING CATEGORY DENSITIES (D. s)

Category densities are expressed in pounds per cubic foot and are

calculated by dividing the total weight for a given category by the total

cube for that same category. The weight and cube data used in these compu-

tations are found in Table B-i. The notation Di is used to denote the

density of ammunition in category "i." The values of "i" for specific

ammunition categories are shown in Table C-i.

TABLE C-i o "i" VALUES EIOR AMMUNITION CATEGORIES

Category "i" Value

Small arms SA
Mortars M
Tanks T
Artillery A
Demolitions D
Anti tank AT
Anti-air missiles AA
Light-armored vehicle LAV
Bombs B
Missiles MI
Rockets R
Gun ammunition G
ECM devices E

Hence, DSA indicates the estimated density of small arms, DM is the

estimated density of mortars, and so on. The actual calculations are shown

below for each category in Table C-i.

D 71448 lb
SA 1001 ft 3

93643DM - 2604 36.0

31 5353
D 31'5 C 37.9
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1402332 m5
A Proj 14675

D315819
DA o 14149Prop

46008DA 1 08---- 42.4
Fuze

209356
DD 4760 44o0

DAT = 15385 t 15.1
1016

71589
AA= 33 21.5

D =1540 Az29.4
LAV 52

D 14 27 30 2 =34.5B 41324

D 112330
DR = 3739 30.0

402169
DMI -22687 17.7

78228DG = 13--- 58.5
G 1337

'Three separate densities are used for artillery because of the large
density differences in projectiles, propellants, and fuzes.
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62508
E 2490 25.1

As explained previously, the procedure used to calculate the CEU for a

given category depends on whether the estimate density for that category is

greater or less than the critical density of 37.1 lb/ft3 . Procedure I is

used when the estimated category density is greater than or equal to this

critical density. Procedure 2 is used when the category density is less

than the critical density. Actual CEU calculations for the different ammu-

nition categories are shown in the following sections.

C. MAF CEUs

To compute the CEUs for a MAF at the intense rate, we use the intense

0 rate STs from Table B-4 and the appropriate procedure (i.e., Procedure 1 or

2), as shown below:

38 (ST)CEUcA " T
SA 19 ST

CEU

CU ,.2 x 3 4.3

16

CEU -6 z 0.8
T 19

* 18

For the MI tank, the equivalent calculation is CEUT(M1) 18.- 0.9.
There is essentially no difference in the CEU requirement for the M60 and
M1 tanks.

C-5
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701 158 23 *

. CEUA  -- + x 3 23 :Z 59.4
A 19 2 2.3 19

105
CEUD L Z 5.5

CEUA = x 3 : 1. 6
CE T 15

36
CEUAA =- x 3 2 4.9

CEULAV  -x 3 0.1

' " 714
-"CEUB " 1- x 3 ;- 61.2

B 35

CEU =- x 3 56 5.6

*R 30

CEU 201 3:33.5
MI 18

CEUG 39CEU = :2.1
G 9

CEU -x 3 23. 7
E 25

p.

The artillery CEUs are the sum of the projectile CEUs (first term),

plus the propellant CEUs (second term), plus the fuze/primer CEUs (last

term).
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For a MAF at the sustaining rate, we use the STs from Table B-6 and

obtain the following results:

*917

CEU =17 0.9
SA 19 09

CEUM =40 x 3 = 3.3

CEUT 0. 3

r CEU 287 58 1 0

.A = 1 + 52.3 x 3 + 23.4

CEU . t, 4. 5
D 19

CELU x 3 Z 0.4
UAT m15

< 1CEUAA = 2- x 3 t < 0.1

aCEU < 1 3;:<0
LAV 29

CEU =571 3 '348.9
B 35

The artillery CEUs are the sum of the projectile CEUs, propellant

CEUs, and fuze/primer CEUs.

C-7
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= 45

CEUi .15 x 3 - 4.5
R 30

CEU 161

MI 18

31
CEU -1 = 1.6

G 19

CEU = 2-5 x 3 = 3.0
E 25

D. MAB CEUs

The approach for calculating MAB CEUs is identical to that used for

the MAF except that the intense rate STs come from Table B-9. At the

intense rate the calculations are:

CEU 10
SA 19

CEU = I- = 0 .

.44

CEUT"5 0.
T 19

218 53 7
CEU T + - x 3 + - 19

A 9 2.3 x f9Z19

The artillery CEUs are the sum of the projectile CEUs, propellant
CEUs, and fuze/primer CEUs.
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* '4'. 27

CEU = - 1.4
D 19

CEO 2CEDA .- x 3 9O. 4
UAT -15X3 0.

CEU 2 - x 3 2 2.5

< 1
CEULAV -29 x 3 M 0.1

' 298

CEUB = X 3 % 25.5

121

CEUR 3-0 x 3 2.1

78
CEUMI -8 x 3 13.0

CEUG =- 0.7
G 19

12
CEU = - x 3 4 1.4

At the sustaining rate, the STs come from Table B-11 and the computa-

tions are:

" 5

CEO ,SA 190.3

13
CEUM  -3 x 3 1 11

M 3
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CEUT 1
T 19

89 20 3 
CEUA =-+- x 3+- 7.6

A 19 22.3 19

22

CEUD -9 R 1.2

1

CEU i-x 3 ; 0.2

CEUAA  < 1 '

-AA 2x 3 s< 0.1

< 1
CEUAV =2-9 x 3 f < 0.1

LAV 298 3os2.
0

238

CEUB 3- x 3 20.4

CU 17

CEUR  -x 3 = 1.7R 30

62CEU 1- x 3 z 10.3

I CEU 181

CEU ft ,0.6
G 19

" 10
CEU = x 3 : 1.2

E 25

The artillery CEUs are the sum of the projectile CEUs, propellant
CEUs, and fuze/primer CEUs.
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Appendix D

TIME PHASING AND GEOGRAPHICAL DISTRIBUTION OF CLASS V(A) MAF CEUs

To take into account the time phasing ashore of aviation units, the

daily CEU requirements can be applied only during the days when a particu-

lar base is operational. For purposes of this study, the assumed opera-

tional times shown in Table D-1 were used.

TABLE D-1. AIR BASE OPERATIONAL TIME FRAMES

Facility Assumed Operational Time Frame

Forward Base 1 D+5
Main Base 1 D+8
Main Base 2 D+1 2
SELF D+30

T arrive at the geographical distribution of Class V(A) CEUs, the

study team began with the short-ton distribution of the MAF ACE bed-down

i that was provided by Headquarters, Marine Corps. This distribution is

shown in Table D-2.

TABLE D-2. GEOGRAPHICAL DISTRIBUTION OF CLASS V(A) REQUIRDENTS

Short Tons per Day (Intense Rate)

Facility Bombs Rockets Missiles Gun Ammo ECM Devices Total

Main Base 1 107.7 8.8 14.1 10.6 3.9 145.1
Main Base 2 107.7 8.8 14.1 9.2 3.7 143.5
Forward Base 1 99.9 9.4 38.2 5.3 4.7 157.5
Forward Base 2 99.9 9.4 38.2 5.3 4.7 ,57.5
SELF 298.5 19.8 96.4 8.7 14.3 437.7

Total 713.7 56.2 2n1.0 39.1 31.3 1,041.3
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To convert these values to CEIs at the intense rate, one of the two

procedures detailed in Appendix C was applied to Table D-2 based on the
3

comparison of each category density to the critical density of 37.1 lb/ft

The resulting daily CEU totals are shown in Table D-3.

TABLE D-3. GEOGRAPHICAL DISTRIBUTION OF CLASS V(A) CEUs AT INTENSE RATE

CEUs per Day (Intense Rate)

Facility Bombs Rockets Missiles Gun Ammo ECN Devices Total

Main Base 1 9.2 0.9 2.3 0.6 0.4 13.4
Main Base 2 9.2 0.9 2.3 0.5 0.4 13.3
Forward Base 1 8.6 0.9 6.4 0.3 0.6 16.8
Forward Base 2 8.6 0.9 6.4 0.3 0.6 16.8 0
SELF 25.6 2.0 16.1 0.4 1.7 45.8

Total 61.2 5.6 33.5 2.1 3.7 106.1

Since ACE bed-down data were provided by the Marine Corps only for the
intense rate, the study team assumed the sustained rate values to be 80

percent of the intense values. Taking 80 percent of each value in Table D-3

yields the CEU per day requirement at the sustained rates, as shown in Table

D-4.

TABLE D-4. GEOGRAPHICAL DISTRIBUTION OF CLASS V(A) CEUs AT SUSTAINED RATE

CEUs per Day (Sustained Rate)

Facility Bombs Rockets Missiles Gun Ammo ECK Devices Total

Main Base 1 7.4 0.7 1.8 0.5 0.3 10.7
Main Base 2 7.4 0.7 1.8 0.4 0.3 10.6
Forward Base 1 6.9 0.7 5.1 0.2 0.5 13.4
Forward Base 2 6.9 0.7 5.1 0.2 0.5 13.4
SELF 20.4 1.6 12.8 0.3 1.4 36.5

Total 49.0 4.4 26.6 1.6 3.0 84.6

*Totals vary slightly with Appendix C due to rounding.
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Appendix E

PRODUCTIVITY PLANNING FACTORS (20-HOUR WORKDAY)

A* BEACH TRANSFER

1. LACH Operations [Ref. 14]

• Daily production (combination of incoming and retrograde): 120
cpd per LACH.

* Average time per lift for container handling from lighter to
transporter: 10 minutes.

2. ELCAS Operations

0 Daily production (combination of incoming and retrograde): 300
cpd per ELCAS [Ref. 14).

* Average time on elevated causeway (based on Reference 15).

Queue and movement 18
Loading time 4
Secure load and depart 8

30 minutes

3. Allocation of Resources (14AF) [ef. 71

LACH 12
ELCAS 2

4. ontainer Throughput [Ref. 141

* Theoretical maximum (based on total numbers of beach discharge
equipment):

LACH 12 x 120 = 1,440
ELCAS 2 X 300 - 600

2,040 cpd

* Operational maximum (based on allocation of three crane ships per
MAF):

3 x 225 cpd per ship (at sea state zero) = 675 cpd
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B. MATERIALS HANDLING EQUIPMENT

The work cycle figures presented below for the RTCH and the 4K RTFL

represent average production for typical tasks in an AOA relative to con-

tainer handling and unstuffing. Tc provide for a reasonable degree of

realism, incorporated into these figures and into all calculations are an

operational efficiency factor of 0.83 and a work delay factor of 1.26

(Ref. 27]. The latter accounts for the delaying effects of workload, site

area, labor quality, supervision, job conditions, weather, maintenance, and

the tactical/logistical situation. These factors (1.26/183 - 1.52) are

reflected in the "adjusted cycle time" presented in each case.

1. RTCH Operations (Based on Reference 27)

These productivity figures are based on the premise that operations

are performed on suitable stable surfaces or that techniques are employed

to preclude the RTCH getting mired down due to ultiple passes over

unimproved soil.

a. Offload Transporter and Move Container to Marshaling Area

(1) Cycle Times (minutes)

Attach and detach 1.6
Travel 1.0

Maneuver 1.0
3.6

(2) Adjusted Cycle Time

5.5 minutes per container

(3) Adjusted Daily Production

218 cpd
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b. Move Container to Storage From Marshaling Area

(1) Cycle Times (minutes)

Attach and detach 1.6
Travel 5.0
Maneuver 1.0

7.6

(2) Adjusted Cycle Time

11.5 minutes per container

(3) Adjusted Daily Production

103 cpd

c. Retrieve Container From Storage to Unstuffing Area

(1) Cycle Times (minutes)

Attach and detach 1.6
1 Travel 5.0

Maneuver 20

8.6

(2) Adjusted Cycle Time

13.1 minutes per container

(3) Adjusted Daily Production

91 cpd

d. Move Empty Container From Unstuffing Area to Retrograde Storage
Area

(1) Cycle Times (minutes)

Attach and detach 1.6
Travel 5.0
Maneuver 1.0

7.6
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(2) Adjusted Cycle Time

11.5 minutes per container

(3) Adjusted Daily Production

103 cpd

e. Move Empty Container From Retrograde Storage Area to Transporter

(1) Cycle Times (minutes)

Attach and detach 1.6
Travel 1.5
Maneuver 1.5

4.6

(2) Adjusted Cycle Time

7.0 minutes per container

(3) Adjusted Daily Production

171 cpd 0

2. 4K RTFL Operations (Based on Reference 27)

FM 9-13 [Ref. 29] indicates that the number of pallets per ammunition

container can range from 8 to 48. However, to use the simple arithmetic

average of these two extremes to represent lifts would not be realistic, V

due to the differences in quantity of various categories. (For example,

although a container of small arms contains 8 pallets, small arms comprise

only about 1 .0 percent of the total number of MAF ammunition containers.)

Therefore, determination of the productivity figures expressed in

"cpd" assumes an average of 12 lifts, or loads, to be extracted from each

ammunition container. The rationale for using the figure of 12 lifts per

container is based on an average derived from considering the highest

consumption categories, i.e., artillery projectiles and Class V(A) bombs.

This average is predicated on: downward adjustment of the number of lifts
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required to unstuff a container load of either 8-inch or 155-mm projec-

tiles--for 8-inch projectiles, there would be 32 pallets or 16 lifts per

container, and for 155-mm projectiles, there would be 36 pallets or 18

lifts per container; and an upward adjustment of the number of lifts

required to unstuff a container load of Class V(A) bombs--an average of 8

to 10 pallets per container.

a. Unstuff Containers

Average of 12 lifts per container 200 feet round trip, and 1.5

mph average speed.

(1) Cycle Times (minutes)

pick up loads 18.0
Haul Time 13.6
Release loads 4.0
Total 35.6

(2) Adjusted Cycle Time

54.0 minutes per container

(3) Adjusted Daily Production

23 cpd

b. Load Pallets on Trucks

(1) Cycle Times per Pallet (minutes)

pick up load 0.5
Travel (round trip) 1.0
position and release load 1.0

Total 2.5

(2) Adjusted Cycle Time

3.8 minutes per pallet

Ar-
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(3) Adjusted Daily Production

315 pallets per day or 26 cpd (average of 12 pallets per
container)

Co Move pallets to or from Storage

(1) Cycle Times per Pallet (minutes)

pick up load 0.5
Travel (round trip) 3.0
Position and releAse load 1.0

Total 4.5

(2) Adjusted Cycle Time

6.8 minutes per pallet

(3) Adjusted Daily Production

176 pallets per day or 15 cpd (average of 12 pallets per
container)

C. MK48/NK14 OPERATIONS

On roads, the MK48/MK14 could be used to haul about 20 tons of

ammunition in a 2-ton container or about 22 tons of palletized ammunition.

Thus, the calculations below credit the MK48/MK14 with a 10% greater

capacity for hauling palletized ammunition than for hauling containerized

ammuni tion.

Containerized ammunition can be loaded or offloaded m - '--idly than

palletized ammunition. The LACH can load/offload a container in about 10

minutes; a RTCH can do it in about 6 minutes. A 4K RTFL can load/offload a

CEU of palletized ammunition (an average of 12 pallets) in about 46 minutes

or 1.1 CEUs in about 50 minutes. Two 4K RTFLs can load/offload 1.1 CEUJs in

about 25 minutes.

However, if ammunition is shipped from point A to point B in

containers, then empty containers must be returned from point B to point

A. The most efficient use of the MK48/MK14 is to return with an empty
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container whenever a full container is delivered. Thus, if the travel time

between A and B is t minutes and full and empty containers are

loaded/offloaded at different places at each location, then a typical full

cycle for containerized shipping is:

load full container 6 minutes
travel to B t minutes
offload full container 6 minutes
travel to empty container loading 2 minutes
load empty container 6 minutes
travel to A t minutes
offload empty container 6 minutes
travel to full container loading 2 minutes

2t + 28 minutes

For the same situation, typical cycles for palletized shipping would

be:

Loading with Loading with
One 4K RTFL Two 4K RTFLs

load pallets 50 minutes 25 minutes
travel to B t minutes t m4 nutps
offload pallets 50 minutes 25 minutes
travel to A t minutes t minutes

. 2t + 100 minutes 2t + 50 minutes

Adjusted cycle times per CEU are shown in Table E-I, reflecting 1.1

CE s per cycle for palletized shipping and 1 .0 CEUs per cycle for

containerized shipping and the adjustment factor of 1.52 for operational

efficiency and work delays. Corresponding unit productivity factors (cpd)

are shown in Table E-2.
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Table E-1
MK48/MK14 CYCLE TIMES

(minutes)

Adjusted Cycle Times per CEU

pal letized Pal le tized
One-Way Container Loading With Loading With

Travel Time Shipping One 4K RTEL Two 4K RTFLs

5 58 152 83
10 73 166 97
15 88 180 111
20 103 193 124
25 119 207 138
30 134 221 152
35 149 235 166

40 164 249 180
45 179 263 193
50 195 276 207
55 210 290 221
60 225 304 235

Table E-2
N48/MK1 4 PRODUCTIVITY

(cpd)

One-Way Palletized Palletized
Travel Time Container Loading With Loading With

(minutes) Shipping One 4K RTFL Two 4K RTFLs

5 20.8 7.9 14.5
10 1F.4 7.2 12.4
15 13.6 6.7 10.9
20 11.6 6.2 9.6
25 10.1 5.8 87
30 9.0 5.4 7.9
35 8.1 5.1 7.2
40 7.3 4.8 6.7
45 6.7 4.6 6.2
50 6.2 4.3 5.8
55 5.7 4.1 5.4
60 5.3 3.9 5.1
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Appendix F

GLOSSARY

AAF air alert force
AAR American Association of Railroads
ACE aviation combat element
ADPE automatic data processing equipment
AE assault echelon
AFOE assault follow-on echelon
AOA amphibious objective area
ARRADCOM U.S. Army Armament R&D Command
ASP ammunition supply point

BSA beach support area
BSSG brigade service support group
BTP beach transfer point

cpd containers per day
CADS Containerized Ammunition Distribution SystemCEU container equivalent unit

CMA container marshaling area
CONUS continental United States
CSS combat service support
CSSA combat service support area

* CSSE combat service support element

DACS Defense Ammunition Center and School
, DODIC Department of Defense Identification Code

DOS days of supply
DROPS demountable rack off loading and pickup system

EAF expeditionary airfield
ECM electronic countermeasure
ELCAS elevated causeway
EW electronic warfare

FAAD forward air air defense
FIE fly-in echelon

FLS Field Logistics System
FMF Fleet Marine Force
FMFLANT Fleet Marine Force Atlantic
FPU front power unit
FSSG force service support group
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GCE ground combat element
GD General Dynamic
GFE government furnished equipment
GS general support

H&S headquarters and service
HALFCON half container
HHMTT heavy high-mobility tactical truck
HMMWV high-mobility multipurpose wheeled vehicle
HTLD High Technology Light Division

IOC initial operational capability

ISO International Organization for Standardization

JLOTS Joint Logistics Over the Shore

LAAM light anti-aircraft missile
LACH lightweight amphibious container handler
LAV light-armored vehicle
LFORM landing force operational reserve materiel
LFSP landing force support party
LOGMARS Logistics Application and Leading Symbology
LOTS logistics over the shore
LSB landing support battalion
LVS logistics vehicle system

MAB Marine amphibious brigade
MACG Marine air control group
MACTDS Marine Automated Cargo Throughput Documentation System
MAF Marine amphibious force
MAG Marine aircraft group
MAGTF Marine air-ground task force
MARCORS Marine Corps Scenario
MAU Marine amphibious unit
MAW Marine aircraft wing
MCR mobile construction regiment
MGB medium girder bridge
MHE materials handling equipment
MILSTAMP Military Standard Transportation and Movement Procedure
MLRP Marine Corps Long Range Plan
MMCS U.S. Army Missile and Munitions Center and School
MMROP Marine Corps Mid-Range Objectives Plan
MOE measure of effectiveness
MOTSU Military Ocean Terminal, Sunny Point, N.C.
MPS maritime pre-positioning ships
MWSG Marine wing support group

NALC Naval Air Logistics Code
NBC nuclear, biological, and chemical
NCEL Naval Civil Engineering Laboratory
NSN National Stock Number
NTPF near-term pre-positioning force a,
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OCONUS outside continental United States

PACAF Pacific Air Forces
PALCON pallet container
PLS palletized load system
PWRMS pre-positioned war reserve materiel stocks

QUADCON quadruple container

RBU rear body unit
RLT regimental landing team
ROC required operational capability
ROWPU reverse osmosis water purification unit
RTC rough-terrain crane
RTCH rough-terrain container handler
RTFL rough-terrain forklift

A SAC Study Advisory Committee
SELF Strategic Expeditionary Landing Field
SIXCON one-sixth container
SPC System Planning Corporation
ST short ton

TCATA TRADOC Combined Arm Test Activity
TCN transportation control number
TE table of equipment

ULC unit load container
USCG U.S. Coast Guard
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Appendix I

STUDY TEAM CON CTS
(CLASS V(A)/NVY COORDINATION)

9 Sep 83 Hukkala and Carnevale met with LTCol
Jewett re Class V(A) policies and
supply system. Info from Jewett:

* "Navy (NhVSE) does not recognize
containerization"

e Ammo containerization for MC wouldbe done at Sunny Point, NC.

* Containerized ammo for Marine
ground and air forces ashore will
come from MPS ships

Jewett provided no Navy POCs by name
and requested that we work through
him.

21 Sep 83 Phonecon w/Mr. Cliff Stevens, NAVFAC
re Program Management Plan for Con-
tainer Offloading and Transfer System
(COTS). No info avail re Navy plans
for containerizing ammo.

27 Sep 83 Net Cdr Thomas G. Troy, OPNRV (OP-
405), who was attending USAF Easy
ISO/Commando Rack Briefing. Briefly
discussed Navy planning for ammo, con-
tainerization. He stated that the
Naval ammo depot at Earle, NJ, had
done some work in this area, but that
he was unaware of any formal program.

6 Oct 83 Phonecon with Mr. Jack Jester, OPNAV
(OP-411), who indicated that he had
no knowledge of any containerization
requirements for Class V(A) and that
if MC wanted it, they should formally
request it.
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17 Oct 83 Visit to 2d MAW, Cherry Point, NC,
with LTCol Yeoman. Met with Maj Dave
Rowe, Ordnance Officer. He described .'

current Class V(A) packaging and re-
supply system, and indicated no
requirement for containerization.

20 Oct 83 Visit to 2d FSSG, Camp Lyeune, NC,
with LTCol Yeoman. Consensus view
was that the Marines would prefer to
stuff their ammo containers (all
types) at the port of debarkation
(Sunnypoint).

25 Nov 83 Phonecon with Cdr Troy, OPNAV (OP-
405). Knows of no plans for ammo
containerization for strategies sea-
lift in support of MC. From what he
has heard, he feels that USAF Easy
ISO/Commando Rack is a good idea.

6 Nov 83 Visit with Maj Weeks, Aircraft Ord-
nance Officer, FMFLANT (with LTCol
Yeoman). Satisfied with current sys-
tem whereby the Navy configures
"bombs" for Marine air units.

16 Dec 83 Phonecon with Mr. Cliff Skaalen,
NCEL, Re NCEL study on Container Mar-
shalling within a Combat Service Sup-
port Area.

10 Feb 84 Phonecon w/Cliff Skaalen, NCEL, re
container handling equipment.

29 Mar 84 Phonecon w/LTCol Yeoman. He advised Y'
that Navy POCs were Harold Decot,
NAVSE (re containers), and referred
to Mark C. Bob Schaumburg, AVMAT (re
ammo).

5 May 84 Phonecon with Gordon Mustin NAVSEA

Containers re: Plans for container-
izating ammo; no money available for
upgrading pier facilities in CONUS;

Navy has not complied with Army MOA
to upgrade Earle NJ.
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15 May 84 Phonecon with Bob Schaumburg NAVMAT
ammo - Navy has no policy or plans
regarding Class V(A) container-
ization.
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